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SUMMARY 

T h i s  report c o n t a i n s  de ta i led  d e s c r i p t i o n s  of t h e  theoretical 

methods and associated computer codes of a program to smooth and a 

program to scale a rb i t ra ry  a i r f o i l  c o o r d i n a t e s .  The smoothing pro- 

gram u t i l i z e s  both l e a s t - s q u a r e s  p o l y m m i a l  and l e a s t - s q u a r e s  cubic  

s p l i n e  t e c h n i q u e s  to smooth i t e r a t i v e l y  t h e  second d e r i v a t i v e s  of 

t h e  y-axis  a i r f o i l  c o o r d i n a t e s  w i t h  respect to a t r a n s f o r m e d  x-axis  

system which unwraps t h e  a i r f o i l  and stretches t h e  nose and 

t r a i l i n g - e d g e  r e g i o n s .  The c o r r e s p o n d i n g  smooth a i r f o i l  c o o r d i n a t e s  

are t h e n  de termined  by s o l v i n g  a t r i d i a g o n a l  m a t r i x  of s i m u l t a n e o u s  

c u b i c  s p l i n e  e q u a t i o n s  r e l a t i n g  t h e  y-ax is  c o o r d i n a t e s  and t h e i r  

c o r r e s p o n d i n g  second d e r i v a t i v e s .  A t e c h n i q u e  for computing t h e  

camber an3  t h i c k n e s s  d i s t r i b u t i o n  of t h e  smoothed a i r f o i l  is aiso 

d i s c u s s e d  . 
The s c a l i n g  program c a n  t h e n  be used to scale t h e  t h i c k n e s s  

d i s t r i b u t i o n  g e n e r a t e d  by t h e  smoothing program to a s p e c i f i e d  maxi- 

mum t h i c k n e s s  which is t h e n  combined w i t h  t h e  camber d i s t r i b u t i o n  to 

o b t a i n  t h e  f i n a l  s c a l e d  a i r f 9 i l  c o n t o u r .  

smoothing and s c a l i n g  p r o g r a n s  are i n c l u d e d  as appendices .  A user -  

g u i d e  and sample i n p u t  and o u t p u t  cases for both programs are also 

inc luded  as appendices .  8 0 t h  computer programs are a v a i l a b l e  from 

COSMIC w j  t h  i d e n t i f i c a t i o n s  LAR-13132 f o r  t h e  a i r f o i l  smoothing pro- 

gram "AFSMO" and LAR-13133 f o r  t h e  a i r f o i l  s c a l i n g  program "AFSCL". 

Computer l i s t i n g s  of t h e  



INTRODUCTION 

S ince  its e a r l y  beg inn ing ,  t he  NACA and t h e  NASA have been  

a c t i v e l y  involved  i n  t h e  d e s i g n  and t e s t i n g  of a i r f o i l  s e c t i o n s  

for a wide v a r i e t y  of  a p p l i c a t i o n s .  During t h e  1930's, 40 '9 ,  

and SO'S ,  t h e  a i r f o i l s  deve loped  by t h e  NACA c o n s i s t e d  of  t h e  

well-known 4-digi t - ,  5 -d ig i t - ,  1-, 6-, and 7 - s e r i e s  a i r fo i l s .  

These a i r f o i l s  were g e n e r a t e d  by combining t h i c k n e s s  and camber 

d i s t r i b u t i o n s  t h a t  were d e f i n e d  a n a l y t i c a l l y  by polynomial  equa- 

t i o n s  o f  v a r i o u s  o r d e r ?  and, t h e r e f o r e ,  t h e  surface c o o r d i n a t e s  

of t h e s e  a i r f o i l s  are ve ry  smooth. A summary of many of  t h e  

NACA a i r f o i l s  and a d e t a i l e d  d e s c r i p t i o n  of  the  e q u a t i o n s  used 

to g e n e r a t e  t h e i r  c o o r d i n a t e s  are presented  i n  r e f e r e n c e  1. 

During t h e  mid-196OVs, t h e  i n t r o d u c t i o n  of t h e  s u p e r c r i t i -  

cal a i r f o i l  concep t  by D r .  Richard Whitcomb of t h e  Langley 

Research  Cen te r  c r e a t e d  a renewed interest i n  t h e  development  of 

an improved series of  a i r f o i l s  f o r  a p p l i c a t i o n s  a t  h i g h  s u b s o n i c  

and t r a n s o n i c  f low c o n d i t i o n s .  I n i t i a l  a t t e m p t s  to g e n e r a t e  a 

series of s u p e r c r i t i c a l  a i r f o i l s  from a n a l y t i c a l  e x p r e s s i o n s  

were u n s u c c e s s f u l  because  no  t h e o r e t i c a l  methods were a v a i l a b l e  

to g u i d e  i n  t h e  selection of adequa te  a n a l y t i c a l  e x p r e s s i o n s  

r e l a t i n g  a i r f o i l  shape  and t h e  d e s i r e d  high-speed f low cha rac -  

teristics. During t h e  e a r l y  1 9 7 0 ' ~ ~  D r .  Paul R. Garabedian  of 

New York U n i v e r s i t y  developed a series or' computer codes f o r  t h e  

d e s i g n  and a n a l y s i s  of s u p e r c r i t i c a l  a i r f o i l s  w i t h  no or v e r y  

weak shocks.  These codes, as d e s c r i b e d  i n  r e f e r e n c e  2, r e l i e d  

on a sys tem of  e q u a t i o n s  based on t h e  method of complex cha rac -  

ter is t ics  i n  t h e  hodograph p l a n e  and are s o l v e d  n u m e r i c a l l y  

us ing  conformal mapping and f a s t  Fourier t r a n s f o r m  t e c h n i q u e s .  
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During t h e  mid- and l a t t e r - 1 9 7 O m s ,  t h e  NASA was also 

a c t i v e l y  involved  i n  t h e  development of an  improved series of 

s u b s o n i c  a i r fo i l s  for a p p l i c a t i o n  to g e n e r a l  a v i a t i o n ,  g l i d e r ,  

and commuter a i r c r a f t .  S e v e r a l  computer codes were developed ,  

such  as t h e  NASA/Lockheed-Georg ia Mu1 ti-Component A i r L o i l  Code 

(ref. 3) and t h e  Eppler Low-Speed A i r f o i l  Code ( r e f .  4 )  to aid 

i n  the d e s i g n  and a n a l y s i s  of  t h e s o  new a i r f o i l s .  These codes 

u t i l i z e  a v a r i e t y  o f  conformal  mapping and d i s t r i b u t e d  source- 

a*id v o r t e x - s i n g u l a r i t y  methods to o b t a i n  t h e  p o t e n t i a l  f low 

characteristics of t h e  a i r f o i l  and a v a r i e t y  of f i n i t e -  

d i f f e r e n c e  and i n t e g r a l  boundary-layer  methods to o b t a i n  the 

v i s c o u s  c h a r a c t e r i s t i c s .  

Both t h e  s u b s o n i c  and t r a n s o n i c  a i r fo i l  codes have under- 

gone e x t e n s i v e  r e f i n e m e n t  and improvement i n  t h e  past  decade and  

are wide ly  u t i l i z e d  by b o t h  t h e  domestic and f o r e i g n  s c i e n t i f i c  

communities.  The agreement  between t h e  theoretical and e x p e r i -  

menta l  characteristics of t h e  a i r fo i l s  des igned  usi-ng these codes 

h a s  been g e n e r a l l y  e x c e l l e n t  for a i r f o i l s  w i t h  f u l l y  attached 

flow. The rapid development of t h e  high-speed d i g i t a l  computer 

s i n c e  t h e  1970 ' s  h a s  g r o a t l y  reduced t h e  computer costs to  

d e s i g n  and a n a l y z e  a new a i r f o i l ;  therefore, it is no l o n g e r  

n e c e s s a r y  to tes t  a l a r g e  number of a i r fo i l s  to o b t a i n  one w i t h  

the  desired performance characteristics. The theoretical meth- 

ods used i n  these computer codes are g e n e r a l l y  s e n s i t i v e  to t h e  

numerical t e c h n i q u e s  used and,  as a result, o f t e n  g e n e r a t e  a i r -  

f o i l s  w i th  wavy or msmooth s u r f a c e  c o o r d i n a t e s .  The t r a n s o n i c  

a i r f o i l s  have been shown to be p a r t i c u l a r l y  s e n s i t i v e  to coordi- 

n a t e  smoothness both e x p e r i m e n t a l l y  and t h e o r e t i c a l l y .  
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The purpose o f  t h i s  report is to describe i n  de ta i l  t h e  

features of d computer  code deve loped  to smooth and scale a i r -  

f o i l  c o o r d i n a t e s .  The smoothing code utilizes a v a r i e t y  of 

least-squares poynomial and c u b i c  s p l i n e  t e c h n i q u e s  to smooth 

t h e  a i r fo i l  c o o r d i n a t e s  i n  t h e  second d e r i v a t i v e .  The computer  

code has  an  i n t e r n a l  Langley d e s i g n a t i o n  of "AFSMO" and consists 

p r i m a r i l y  of a main c o n t r o l l i n g  program and an i n p u t ,  a smooth- 

i n g ,  a punch o,.rtput, and p l o t t i n g  s u b r o u t i n e s .  A d d i t L n a l  

s u b r o u t i n e s  have been i n c l u d e d  to compute t h e  camber and t h i c k -  

n e s s  distributions of t h e  smoothed a i r f o i l  a R d  to i n t e r p o l a t e  

a d d i t i o n a l  c o o r d i n a t e s .  The a i r f o i l  s c a l i n g  program has a n  

i n t e r n a l  Langley d e s i g n a t i o n  of "AFSCL" and u s e s  t h e  camber and 

t h i c k n e s s  d i s t r i b u t i o n  data g e n e r a t e d  by the AFSMO code to 

g e n e r a t e  a d d i t i o n a l  a i r f o i l  s h a p e s  w i t h  t h e  same camber d i s t r i -  

b u t i o n  and a scaled t h i c k n e s s  d i s t r i b u t i o n .  The AFSCL code 

consists of a main  c o n t r o l l i n g  program, a s u b r o u t i n e  to scale 

t h e  c o o r d i n a t e s ,  and a s u b r o u t i n e  to f i t  a cubic  s p l i n e  t h r o u g h  

a set of i n p u t  p o i n t s .  A de t a i l ed  d e s c r i p t i o n  of the smooth ing  

and s c a l i n g  methods used i n  these codes is p r e s e n t e d  i n  a d d i t i o n  

to a d i scu r r s im of t h e  p o s s i b l e  a p p l i c a t i o n s  of t h e  codes. 

Appendices  are i n c l u d e d  t h a t  describe t h e  user i n p u t  require- 

ments ,  a sample i n p u t  case, a sample o u t p u t  l i s t i n g ,  sample 

p l o t s ,  and tabulated l i s t i n g s  f o r  b o t h  programs. 
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SYMBOLS 

k 

K 

N 

t 

S 

W 

Y 

0 

Subscripts: 

C 

i 

a 
U 

polynomial coefficients 

chord of airfoil 

generalized cubic spline function 

cubic spline interval 

curvature 

value of x/c where 8 = TI 

total number of upper and lower surface 
coordinates 

th i c kae s s 

least-squares cubic spline smoothing parameter 

weighting factor 

coordinates of airfoil 

nondimensionalized x/c and y/c coordinates 

coordinates in local camberline axis system 

x/c and y/c coordinates of camberline 

d (y/c) /do 

d2 ( y / c )  /de 

local surface slope in 2- and i-axis system 

local slope of camberline 

x-axis transformation function 

camber 

it.eration or element number 

lower surface 

upper surf ace 
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Smooth inq C r  i ter i a  

The s u o o t h n e s s  c r i te r ia  used i n  t he  development  of t h e  smooth- 

ing  method p r e s e n t e d  i n  t h i s  report is t h a t  tile c u r v a t u r e  d i s t r i b u -  

t i o n  of t h e  a i r f o i l  s u r f a c e  be c o n t i n u o u s  and smooth. The curva-  

t u r e ,  which is t h e  reciprocal of t h e  r a d i u s - o f - c u r v a t u r e ,  is d e f i n e d  

as 

The c u r v a t u r e  d i s t r i b u t i o n  w i l l  be c o n t i n u o u s ,  p rov ided  t h e  a i r f o i l  

c o n t o u r  is c o n t i n u o u s  w i t h  s i n g l e - v a l u e d  upper  and lower s u r f a c e  

c o o r d i n a t e s .  T h i s  can  e a s i l y  be de te rmined  by v i s u c l  i n s p e c t i o n  of 

t h e  i n i t i a l  ir iput a i r f o i l  shape.  The a p p l i c a t i o n  of c u b i c  s p l i n e  

f u n c t i o n s  to relate t h e  smoothed y -ax i s  a i r f o i l  c o o r d i n a t e s  to t h e i r  

sxtoothed second d e r i v a t i v e s  w i t h  respect to t h e  x -ax i s  w i l l  i n s u r e  

t h a t  t h e  f i r s t  d e r i v a t i v e s  are smooth and,  c o n s e q u e n t l y ,  t h a t  t h e  

c u r v a t u r e  d i s t r i b u t i o n  is also smooth. T h e r e f o r e  8 t h e  smoothing 

method e s t a b l i s h e d  is f i r s t  to  compute t h e  second d e r i v a t i v e s  of t h e  

i n p u t  a i r f o i l  c o o r d i n a t e s ,  to smooth t h e  second d e r i v a t i v e s ,  and 

t h e n  to employ c u o i c  s p l i n e  f u n c t i o n s  to d e t e r m i n e  t h e  new smoothed 

a i r f o i l  coord  i n a t e s .  

The second d e r i v a t i v e s  of t h e  i n p u t  y-coord h a t e s  are d e t e r -  

mined by f i t t i n g  a least-squares polynomia l  to each coordir.ate and a 

s p e c i f i e d  number of p o i n t s  a d j a c e n t  to  t h e  c o - r d i n a t e  a?d t h e n  by 

a n a l y t i c a l  d i f  f z r e n t i a t i o n ,  computing t h e  seco.id d e r i v a t i v e  of  t h e  

c o o r d i n a t e  ana its new y-value.  T h i s  p rocedure  is repeated f o r  e a c h  

y -coord ina te  unt..1 a new set of y-va lues  are b t a i n e d  which are t h e n  

6 
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s u b s t i t u t e d  f o r  t h e  p r e v i o u s  ' e t  of y-values .  The e n t i r e  p rocedure  

1s repeated and each time t h e  sum of t h e  s q u a r e s  of t h e  d i f f e r e n c e s  

between t h e  c u r r e n t  and pr ior  second d e r i v a t i v e s  is computed. T h i s  

i t e r a t i v e  p rocedure  c o n t i n u e s  u n t i l  a s p e c i f i e d  numoer of i t e r a t i o n s  

have been reached, or the  sum of t h e  s q u a r e s  q u a n t i t y  f a l l s  below a 

specified va lue-  or beg ins  to osci l la te .  

X-Axis Trans fo rma t ion  Func t ion  

I n i t i a l  attempts to employ t h i s  l e a s t - s q u a r e s  i>olynomial tech- 

n i q u e  to a n  in?t  s e t  of  x- and y- c o o r d i n a t e s  r e s u l t e d  i n  l a r g e  

o s c i l l a t i o n s  i n  t h e  cortiputed second d e r i v a t i v e s  and t h e  new y-va lues  

from one  i t e r a t i o n  to t h e  next .  The o s c i l l a t i o n  was caused  by t h e  

v e r y  rapid change i n  t h e  c u r v a t u r e  i n  t h e  nose or leading-edge  

r e g i o n  which is characteristic of most a i r ro i l s .  T h i s  problem was 

e l i i u i n a t e d  by u t i l i z i n g  a n  x-axis  t r m s f o n n a t i o n  f u n c t i o n  t h a t  

stretches t h e  a x i s  i n  the  ncse  r e g i o n .  One such  t r a n s i c r m a t i o n  

f u n c t i o n  used i n  t h e  multi-component a i r f o i l  a n a l y s i s  code developed  

by Lockheed-Georgia (ref . 3)  is 

where 0 < e < n. However, t h i s  t r a n s f o r m a t i o n  f u n c t i o n  stretches 

t h e  x-axis i n  bo th  t h e  l ead ing -  and t r a i l i n g - e d g e  r e g i o n s .  For 

a p p l i c a t i o n  i n  t h e  multi-component a n a l y s i s  code t h i s  s t r e t c h i n g  a t  

both e n d s  of t h e  a i r f o i l  is n e c e s s a r y  to e n s u r e  a d e q u a t e  d e f i n i t i o n  

o f  the maximum s u c t i o a  peak i n  t h e  lead iny-edge  r e g i o n  and to 

p r o p e r l y  s a t i s f y  t h e  Ku t t a  f low c o n d i t i o n  i n  t h e  t r a i l i n g - e d g e  reg-  

ion. To smooth a n  a i r f o i l  6oes n o t  r e q u i r e  as much s t r e t c h i n g o f  the 

x-axis  i n  t h e  t r a i l i n g - e d g e  r e g - o n  as i n  t h e  lead ing-edge  r e g i o n  

because  the  c u r v a t u r e  is g e n e r a l l y  c o n s i d e r a b l y  less n e a r  t h e  

- -  

7 
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t r a i l i n g  edge  of t h e  a i r fo i l .  The h y p e r b o l i c  f u n c t i o n s  behave i n  a 

manner s ic i la r  to t h a t  f o r  t r i g o m e t r i c  f u n c t i o n s  and, a f t e r  c o n s i -  

derable t r i a l - a n d - e r r o r ,  t h e  f o l l o w i n g  t r a n s f o r i n a t i o n  e q u a t i o n  was 

found t h a t  reduced  t h e  amount o f  t r a i l i n y - e d g e  s t r e t c h i n g  and t h a t  

could be mated w i t h  t h e  t r i g o n o m e t r i c  equation ( 2 )  fo r  t h e  l e a d i n g  

edge  : 

where n/2 - < 0 - < R. The c o n s t a n t  K was d e t e r m i n e d  by s p e c i f y i n y  t h a t  

a t  8 e q u a l s  n ,  t h e  v a l u e  of jZ  is u n i t y ;  t h e r e f o r e ,  

= 0.46278 1 K =  
tan-'[sinh ( r / 2 ) ]  + 1 

By s u b s t i t u t i n g  t h e  c o n s t a n t  of 1/2 i n  e q u a t i o n  ( 2 )  w i t h  t h e  con- 

s t a n t  K from e q u a t i o n  ( 3 ) ,  t h e  t r a n s f o r m a t i o n  e q u a t i o n  f o r  t h e  

lead ing-edge r e g  i o n  becomes 
- 
x = K [ i  -  COS(^)] 
o < e < ~ 1 2 .  

L -  
where 

The f i r s t  and second d e r i v a t i v e s  of e q u a t i o n  ( 3 )  a re  

and dx K 
d e  cash ( 0  - n/2) 
- -  

K s i n h  ( e  - n/2) d2E 

d e 2  c o s h 2  ( 0  - n/2) 
8 

- t -  

( 4 )  

( 5 )  

r e s p e c t i v e l y ,  ana o f  e q u a t i o n  ( 5 )  are 

dE/d0 = K s i n  ( e )  and ( 8  1 

d2G/de2 = K COS ( e )  8 ( 9 )  

r e s p e c t i v e l y .  A t  0 = n/2, t h e  v a l u e  of equatioas ( 3 1 ,  (5)# ( 6 1 ,  and 

( 8 )  is c i u a l  to K and t h e  v a l u e  of e q u a t i o n s  ( 7 )  and ( 9 )  is z e r o  

8 
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which v e r i f i e s  t h a t  t h e  l e a d i n y -  ar.4 t r a i l i n g - e d g e  t r a n s f o r m a t i o n  

e q u a t i o n s  are c o n t i n u o u s  a t  t h e  matching p o i n t .  A p lo t  of  t h e  

r e s u l t a n t  t r a n s f o r m a t i o n  f u n c t i o n  and its f i r s t  and second d e r i v a -  

t i v e s  are p r e s e n t e d  i n  f i g u r e  1 and t a b u l a t e d  i n  tacle I. 

The i n v e r s e  o f  equatiofi ( 3 )  is 

0 = n/2 + s i n h  

where s i n h - l ( z )  = I n  ( z  +q-) and t h e  i n v e r s e  of e q u a t i o n  (5) 

is 

- 
I *  -1 X e = COS (1 - 

The f i r s t  ana  second d e r i v a t i v e s  of  t h e  y - c o o r d i n a t e  w i t h  respect t o  

x c a n  be o b t a i n e d  from t h e  d e r i v a t i v e s  w i t h  respect to  the 0 v a l u e  

u s i n g  t n e  f o l l o w i n g  r e l a t i o n s h i p s :  

d2?/dz2 = p”(dE/dO) - y” (d2Z/d02) 
jdH/dO ) 

Piscewise Leas t-Squares Polynomial  Smoothing to  Determine 

Second D e r i v a t i v e  

The piecewise l e a s t - s q u a r e ;  po lynomia l  smoothing p r o c c d u r e  

r e q u i r e s  t h a t .  t h e  i n d e p e n d e n t  v a r i a b l e  i n c r e a s e  m o n o t o n i c a l l y  to 

p r e v e n t  s i m u l t a n e o u s  smoothing o f  upper and lower s u r f a c e  coordi- 

n a t e s .  T h i s  meant s i m p l y  t h a t  t h e  a i r f o i l  had to be unwrapped 

around t h e  n o s e 8  Pith was e a s i l y  accompl ished  by l e t t i n g  the lower 

s u r f a c e  t r a n s f o r m a t i o n  f u n c t i o n  r u n  from 0 to -n and t h e  upper  s u r -  

9 
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f a c e  f u n c t i o n  r u n  from G to +n. The remain ing  problem associated 

w i t h  computing t h e  second d e r i v a t i v e s  u s i n g  t h e  l e a s t - s q u a r e s  p o l y -  

nomial p r o c e d u r e  was to d e t e r m i n e  t h e  nuniber o f  p o i n t s  to i n c l u d e  

adjacerlt to t h e  c o o r d i n a t e  p o i n t  and t h e  d e g r e e  o f  t h e  polynomial .  

To d e t e r m i n e  these two q u a n t i t i e s ,  t he  c o o r d i n a t e s  of t h e  w e l l - ' . ,  lrA 

NACA 0012 a i r f o i l  were i n p u t  and v a r i o u s  v a l u e s  were t r i e d  for e a c h  

q u a n t i t y  u n t i l  a combina t ion  was found t h a t  produced t h e  best a g r e e -  

ment between t h e  c a l c u l a t e d  and theoretical v a l u e s  of t h e  second 

d e r i v a t i v e s .  The number of p o i n t s  a d j a c e n t  to t h e  c o o r d i n a t e  po in t  

w a s  found to  be 3 b e f o r e  and 3 a f t e r  for a to ta l  of 7 p o i n t s ,  and 

t h e  d e g r e e  of t h e  polynomia l  was found to  be 4. The computer code  

f o r  t h e  piecewise l e a s t - s q u a r e s  polynoinial  smoothing procedure is 

c o n t a i n e d  i n  s u b r o u t i n e  LSQSMO. 

Least-Squares  Cubic S p l i n e  Smoothing of Second D e r i v a t i v e  

A f t e r  c o m p l e t i o n  af t h e  least-squares polynomia l  smoothing proce- 

d u r e ,  t h e  r e s u l t a n t  v a l u e s  of 3" are i n p u t  to s u b r o u t i n e  CSDS w h i c h  

was f o r m u l a t e d  based on a method t h a t  f i t s  a sitiooth c u b i c  s p l i n e  

through a set o f  i n p u t  data i n  a l e a s t - s q u a r e s  manner. The metnod 

d e f i n e s  a c o n t i n u o u s  c u b i c  s p l i n e  f u n c t i o n  i n  t h e  forin 

where h = ( 9  - 8 . )  and i = 1, 2, 3, . , 14-1. 
i 1 

10 



N 

c 
i=l 

and $ e N  CdZg/d02] de is  a minimum 

(15)  

(16) 

where t h e  smoothiny parameter S is i n  t h e  i n t c r v a l  (N - d%) - < S - < 

(N + mj, N is t h e  number o f  p o i n t s ,  f i  = y i " ,  and 6 f i  is 

t h e  allowable s t a n d a r d  error d e v i a t i o n  of  f i e  A d e t a i l e d  descrip- 

t i o n  o f  t h e  least-squares cubic  s p l i n e  method is p r e s e n t e d  i n  refzr-  

ence  5 .  

wide range  of a i r f o i l  shapes, t h e  v a l u e  of l@-4 was selected for 

standard error d e v i a t i o n  and a c o n s e r v a t i v e  v a l u e  o f  N was chosen 

for t h e  smoothiny paralneter S .  

- 

A f t e r  e i t e n s i v e  a p p l i c a t i o n  of t h e  smoothiny program to  a 

Cubic-Spl ine to Compute N e w  7-Coordina te  . 
A f t e r  o b t a i n i n g  t h e  new smoothed second d e r i v a t i v e s ,  t h e  n e x t  

s t e p  is to d e t e r n i n e  t h e  co r re spond ing  smoothed ; -coordinate  v a l u e s  

t h a t  are also smooth and c o n t i n u o u s  i n  t h e  i n t e r v a l  between i n p u t  

p o i n t s .  The n a t u r a l  c h o i c e  was a c u b i c  s p l i n e  which c o n s i s t s  of 

d e f i n i n g  the  c o o r d i n a t e s  between t h e  i n t e r v a l  end points W i t h  a 

t h i r d - o r d e r  po lynomia l  similar to e q u a t i o n  (14) and s o l v i n g  f o r  t h e  

c o e f f i c i e n t s  so t h a t  t h e  7 c o o r d i n a t e s  and t h e  first- and second-  

d e r i v a t i v e s  a t  t h e  i n t e r s e c t i o n  w i t h  t he  a d j a c e n t  i r l t e r v a l  are e q u a l a t  

etch end, T h i s  e n s u r e s  t h a t  t h e  7 c o o r d i n a t e s ,  che slope,  and t h e  

c u r v a t u r e  are c o n t i n u o u s  and smooth. The c u b i c  s p l  irie po lynomia l  

and i ts  f i r s t -  and seccmd-de r iva t ives  are: 
11 



- 
y I i  = 3aihi2 + 2bihi -I c i  , 
- 

and v" = 6aihi + 2bi . i  

where hi  = ( e  - O i l .  

A t  t h e  two end p o i n t s  of the  i t h  i n t e r v a l ,  the c o o r d i n P t e s  

are 

- 
yi  = ai 

a t  3 = 8 .  and 
1 

- 3 2 
yi+l = a i h ;  6 + b i h i  + c i h i  + d i  

a t  6 = O i + l t  and t h e  second d e r i v a t i v e s  are 

y Y 2  
yi  = 2bi or b i  = 

a t  8 = 8 .  and 
1 

at e = L i + l *  

Combining e q u a t i o n s  ( 2 0 )  t h r o u g h  ( 2 3 )  and s i m p l i f y i n g ,  

12 
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-m 
A t  8 = ei,  y equals ci and fronr t h e  p r e v i o u s  i u t e r v a l  

+ C  f i  = 3aiWl h2 i-l + 2bi,lhi,i i-1 

where from a similar a n a l y s i s ,  

and 
- ," 

- - (ii - yi-l) - f: +62Yi-l) hiwl. 
=i-l hi-l 

( 2 8 )  

By s u b s t i t u t i n y  equations (261 ,  (271,  and ( 2 8 )  i n t o  e q u a t i o n  (25) 

and s e t t i n g  e q u a t i o n  ( 2 4 )  equal to  (25), t h e  f o l l o w i n g  s i m p l i f i e d  

form of t n e  c u b i c - s p l i n e  e q u a t i o n  is d e r i v e d :  

+ h  
i- 1 

whicl .  r e p r e s e n t s  a set D f  t r i d i a g o n a l  e q u a t i o n s  wi th  i = 2, 3,  

4 ,  ., N - 1. By s p e c i f y i n g  t h e  d e s i r e d  c o o r d i n a t e s  a t  t h e  end 

p o i n t s ,  t h e  resul tant  N- by N - m a t r i x  e q u a t i o n  can  be s o l v e d  w i t h  a 

s i m p l i f  i ed  m a t r i x  i n v e r s i o n  t echn ique .  The equations t h a t  d,:f ine 

13 
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.. - 
t h e  y c o o r d i n a t e s  and the first- and s e c o n d - d e r i v a t i v e s  i n  each 

i n t e r v a l  are 

and 

i 3 2 )  

where h i  

s p l i n e  method is c o n t a i n e d  i n  s u b r o u t i n e  INVY i n  t h e  a i r f o i l  

smoothing program. 

( e i + l  - O i l *  The computer code f o r  this c u b i c  

The i n i t i a l  a p p l i c a t i o n  of t h e  c u b i c  s p l i n e  method w i t h  t he  

lower and l;dper t r a i l i n g - e d g e  c o o r d i n a t e s  i n p u t  for i=l and N, 

produced airfoi: shapes that d i d  not g e n e r a l l y  pass t h r w g h  the  nose 

1 4  
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- 
y coordiiiatz computed d u r i n g  t h e  p r e v i o u s  l e a s t - s q u a r e s  smooth ing  

step. T h i s  problem was p a r t i a l l y  overcoiue by f i r s t  a p p l y i n g  t h e  

c u b i c - s p l i n e  niethod from t h e  lower surface t r a i l i n y  edge to t h e  nose  

and tneri f rom t h e  nose  to  t h e  upper  surtace t r a i i i n y - e d g e  coordi- 

n a t e s .  Although t h i s  procedure g e n e r a t e d  .- dn a i r f o i l  shape t h a t  had 

t h e  same f c o o r d i n a t e  and second d e r i v a t i v e  a t  t h e  nose  when 

a p p r o a c h i n g  from both t h e  uppe r  and lower s u r t a c e ,  t n e  f irst  d e r i v a -  

t i v e s  were n o t  n e c e s s a r i l y  e q u a l ;  therefore, t h e  c u r v a t u r e  was dis-  

c o n t i n u o u s  a t  t h e  nose.  T h i s  a d a i t i a n a l  problem was overcollie by 

addiny  a small c o n s t a n t  incre inent  to t h e  i r ,put  s econd  d e r i v a t i v e s  

which would g e n e r a t e  f i r s t  d e r i v a t i v e s  a t  the nose  t h a t  were inore 

c l o s e l y  iaatched. The incrc inent  produced  t h e  sane effect  as a con- 

s t a n t  of i n t e g r a t i o n ,  r e s u l t i n g  i n  a v e r y  s l n d l l  g l o b a l  s t r e t c h i n y  or 

s h r i n k i n g  of t h e  c o o r d i n a t e s .  The v a l u e  of t h e  inc remen t  is 

d e t e r m i n e d  i t e r a t i v e l y  u s i n g  a simple Newton-Haphson t e c h n i q u e  wnich 

is v e r y  s t ab le  and g e n e r a l l y  c o n v e r g e s  i n  less t h a n  f o u r  itera- 

t i o n s .  The computer code f o r  t h i s  i t e r a t i o n  p r o c e d u r e  is c o n t a i n e d  

i n  s u b r o u t i n e  YNEW i n  t h e  a i r f o i l  smooth ing  program. 

Camber and T h i c k n e s s  D i s t r i b u t i o n  

By d e f i n i n g  t h e  smoothed a i r f o i l  s h a p e  w i t h  a cubic-skAine  

f u n c t i o n ,  t h e  c o o r d i n a t e  and its d e r i v a t i v e s  c a n  be computed a t  

any desired &va lue  w i t h  e q u a t i o n s  ( 3 0 )  t h r o u g h  (32). Because of 

t h i s  c a p a b i l i t y ,  it was therefore pxs ib le  to d e v e l o p  a method to 

compute a c a h e r l i n e  a,id a t h i c k n e s s  d i s t r i t u t i o n  for t h e  sinootned 

a i r f o i l .  The e q u a t i o n s  f o r  combining the camber and t h i c k n e s s  d i s -  

t r i b u t i o n s  to  o b t a i n  t h e  uppe r  s u r f a c e  c o o r d i n a t e s  of a.? a i r f o i l  are  

15 
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xu = x - t / 2  s i n  (0) 
1: 

and Y u  = yc + y2 cos ( $ 1  8 

and f o r  t h e  lower s u r f a c e s  are 

x = x + t / 2  s i n  ( 0 )  

- - t / 2  cos (0) 

% C 

y% - yc 

( 3 3 )  

( 3 4 )  

(35) 

(36) 

where xc and yc are t h e  c o o r d i n a t e s  of t he  c a b e r l i n e ,  t is the  

local t h i c k n e s s ,  and 0 is the local slope of t h e  camber l ine .  The 

a i r fo i l  g e n e r a t e d  w i t h  t h e s e  e q u a t i o n s  ail1 n o t  be unique  because  a 

l a r g e  number of other t h i c k n e s s  and camber c m b i n i n y  e q u a t i o n s  c o u l d  

be used to y e n e r a t e  t h e  same a i r f o i l  shape .  However, g i v e n  the  

shape o f  a n  a i r f o i l ,  a unique  camber l ine  can  be o b t a i n e d  which 

sat isf ies  e q u a t i o n s  (33)  th rough  (36) by s imply  s p e c i f y i n y  t h a t  t h e  

a b s o l u t e  v a l u e  of the  slope a t  upper  and lcwer p o i n t s  are e q u a l  i n  

magnitude. The local slope is de te rmined  w i t h  respect to a n  a x i s  

sys t em whose y-axis  passes through t h e  dpper and i er s u r f a c e  

p o i n t s  and whose x-axis  passes th rough  t h e  n i d - p o i n t  of  t h e  l i n e  

c o n n e c t i n g  t h e  t w o  p o i n t s  as i l l b a t r z t e d  i n  f i g u r e  2. 

16 
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The t 'qucltions Lor t r a n s l a t i n c j  and r o t a t i n g  t n e  i n p u t  
h 

cc10rdinat8-Cj i n  the x- and y -ax i s  systelii to the c a m b e r l i n e  x- and  

y -ax i s  sys t em are 

- 
rhe d i f f e r e n t i a l s  w i t h  respect to x are 

- - -  
d i / d x  = cos ( + )  + s i n  ( 4 )  dy/dx 

- -  
dc/di = cos ( 4 )  dy/dx - s i n  ( 4 )  

A i c n  combines to  o b t a i n  the e q u a t i o n  for t h e  loccll slope 

( 3 9 )  

i 4 0 )  

where for a y i v e n  set of upper  and lower s u r f a c e  i n p d t  p o i n t s ,  

To  d e t e r m i n e  t h e  c a m b e r l i n e  s i iuply r e q u i r e s  t h a t  f o r  e i t n e r  a n  uppe r  

or lower s u r f a c e  i n p u t  p o i n t ,  an opposite s u r f a c e  p o i n t  be locateo 

which sa t i s f ies  t h e  c r i t e r i a  t h i i t  

17 
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The computer code for t h e  c a n t e r l i n e  t e c h n i q u e  is c o n t a i n e d  i n  

s u b r o u t i n e  CAMTK. The e x e c u t i o n  p r o c e d u r e  i n  t h i s  s u b r o u t i n e  starts 

t h e  s e a r c h  f o r  t h e  c a m b e r l i n e  a t  t h e  upper s u r f a c e  t r a i l i n g  edge and 

proceeds i n  a c o u n t e r c l o c k w i s e  d i r e c t i o n  toward t h e  nose  of  t h e  a i r -  

f o i l .  A simply l i n e a r  i n t e r p o l a t i o n  p r o c e d u r e  is used to locate t h e  

c o r r e s p o n d i n g  lower s u r f a c e  p o i n t  which s a t i s f i e s  t h e  c a i u b e r l i n e  

criteria. The s e a r c h  for t h e  lower s u r f a c e  p o i n t  is per formed w i t h  

a n  i n t e r p o l a t i o n  i n t e r v a l  o f  1 /2000th  o f  t h e  chord. A f t e r  l o c a t i n g  

t h e  lower s u r f a c e  p o i n t ,  e x e c u t i o n  c o n t i n u e s  to t h e  n e x t  upper  

s u r f a c e  p o i n t  and t h e  s e a r c h  f o r  the lower s u r f a c e p o i n t  begins at the 

p r e v i o u s l y  located p o i n t .  T h i s  cycle c o n t i n u e s  u n t i l  a l l  of t h e  

upper  s u r f a c e  p o i n t s  have been used. The leadiny-edge  p o i n t  of the 

c a m b e r l i n e  (where t h i c k n e s s  e q u a l s  z e r o )  is computed by f i t t i n q  a 

second-order po lynomia l  to t h e  three p r e v i o u s  c a m b e r l i n e  p o i n t s  i n  

t h e  nose r e g i o n  and t h e n  e x t r a p o l a t i n g  to d e t e r m i n e  t h e  i n t e r s e c t i o n  

of  t h e  c a m b e r l i n e  w i t h  t he  i n p u t  a i r f o i l  c o n t o u r .  The o n l y  no te -  

wor thy  problem t h a t  h a s  o c c u r r e d  w i t h  t h e  use  of t h i s  t e c h n i q u e  has  

been d i f f i c u l t y  l o c a t i n g  t h e  f i r s t  f e w  camberline c o o r d i n a t e s  f o r  

a i r f o i l s  w i t h  r e f l e x e d  iupward- turned)  c a m b e r l i n e s  n e a r  t h e  t r a i l i n g  

edge. This problem can  g e n e r a l l y  be overcome by s i m p l y  r e v e r s i n g  

t h e  i n 2 u t  order o f  t h e  upper and lower s u r f a c e  c o o r d i n a t e s  to  t h e  

smoothing program which means t h a t  t h e  s e a r c h  f o r  t h e  c a m b e r l i n e  

w i l l  be r e v e r s e d  p r o c e e d i n g  c l o c k w i s e  a l o n g  t h e  lower s u r f a c e  from 

t h e  t r a i l i n g  edge to the nose.  

DESCRIPTION OF COMPUTEH PROGRAM 

The a i r f o i l  smoothing coffiputer prcgraru ASSNO c o n s i s t s  of  a iaain 

program, f i f t e e n  s u b r o u t i n e s ,  and two f u n c t i o n  subprograms and is 

listed i n  Appendix A. The a i r f o i l  s c a l i n g  computer  program AFSCL 
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c o n s i s t s  OE a main program and two s u b r o u t i n e s  and is l i s t e d  i n  

Appendix B. 

a i r f o i l  smoothing program is p r e s e n t e d  i n  Appendix C and a cor- 

re spond ing  d e s c r i p t i o n  of t h e  o u t p u t  for a sample case p r e s e n t e d  i n  

Appendix D. Likewise ,  a d e s c r i p t i o n  of t h e  i n p u t  data r e q u i r e m e n t s  

f o r  t h e  a i r f o i l  s c a l i n g  program is p r e s e n t e d  i n  Appendix E and t h e  

d e s c r i p t i o n  of  the o u t p u t  i n  Appendix F. T h e  p r imary  i n p u t  and o u t -  

p u t  q u a n t i t i e s  and e x e c u t i o n  sequence  of each main program and sub-  

A d e s c r i p t i o n  of t h e  i n p u t  data r e q u i r e m e n t s  for t h e  

* *  r o u t i n e  are described i n  this s e c t i o n .  \ 

- t  

Program AIRSMO 

The p r imary  f u n c t i o n  of t h e  main program AIRSMO is to  c o n t r o l  

t h e  a v e r a l l  e x e c u t i o n  of t h e  a i r fo i l  smoothiny process. A f t e r  

s p e c i f y i n g  and computing s e v e r a l  g l o b a l  program c o n s t a n t s ,  ca l l s  are 

made to s u b r o u t i n e s  PSEUDO and LEROY to i n i t i a l i z e  t h e  plot  v e c t o r  

f i l e  SAVPLT for s u b s e q u e n t  postprocess p l o t t i n g  on a v a r i e t y  of 

plotters a t  Langley. The s u b r o u t i n e  INPUT is t h e n  c a l l e d  which 

reads and prepares the  u s e r - s u p p l i e d  i n p u t  data. The s u b r o u t i n e  

SMOXY is then  called which smooths t h e  i n p u t  a i r f o i l  c o o r d i n s t e s .  

I f  punched o u t p u t  data are desired by t h e  u s e r ,  s u b r o u t i n e  ECARD is 

t h e n  called. A l l  punched d a t a  are w r i t t e n  on o u t p u t  f i l e  TAPE1 

which c a n  be d i s p o s e d  of i n  any manner t h e  u s e r  desires. 

If plots of t h e  c o o r d i n a t e s ,  f irst  and second d e r i v a t i v e s ,  and  

c u r v a t u r e  of  t h e  smoothed a i r f o i l  are d e s i r e d ,  ca l l s  are t h e n  made 

to s u b r o u t i n e  PLOTAF and PLOTCK. If t h e  u s e r  also d e s i r e s  to  com- 

pute t h e  camber and t h i c k n e s s  d i s t r i b u t i o n  of t h e  smoothed a i r f o i l ,  

s u b r o u t i n e  CAt4T'R is t h e n  c a l l e d .  Then, i f  t h e  u s e r  desires to  

interpolate a d d i t i o n a l  smoothed a i r f o i l  c o o r d i n a t e s ,  s u b r o u t i n e  INTP 

is called. T h i s  e n t i r e  e x e c u t i o n  p rocedure  is repeated u n t i l  a l l  
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i n p u t  cases have been i n p u t  and smoothed. A ca l l  is t h e n  made to 

s u b r o u t i n e  CALPLT to f i n a l i z e  t h e  plot v e c t o r  f i l e .  

The f o l l o w i n g  a r r a y s  must be dimens ioned  and c o n s t a n t s  d e f i n e d  

or checked  i n  t h i s  program. 

TITLE 80-column t i t l e  f o r  i n p u t  case 

X I N T  a r r a y  C o n t a i n i n g  f i n t e r p o l a t i o n  v a l u e s  

a r r a y s  c o n t a i n i n g  reordered and 7 c o o r d i n a t e s  

W a r r a y  c o n t a i n i n g  i n p u t  weighing  factors 

YSMO 

Y PS a r r a y  c o n t a i n i n g  smoothed y v a l u e s  

a r r a y  c o n t a i n i n g  smoothed 2 c a o r d i n a t c s  

- 1  

Y PPS a r r a y  c o n t a i n i n g  smoothed y v a l u e s  

THETA a r r a y  c o n t a i n i n g  8 - t r a n s f o r m a t i o n  v a l u e s  

PI v a l u e  of rn 

RAD v a l u e  of one r a d i a n  n/180 

CONS v a l u e  of c o n s t a n t  K d e f i n e d  by e q u a t i o n  ( 4 )  

JREAD number of tape or f i l e  c o n t a i n i n g  i n p u t  data 

JWRITE number of tape or f i l e  c o n t a i n i n g  o u t p u t  data 

IPRINT i f  e q u a l  to zero, t h e  smooth ing  data g e n e r a t e d  d u r i n g  

each i t e r a t i o n  of t h e  least-squares po lynomia l  

smooth ing  process i n  s u b r o u t i n e  SMOXY and t h e  i n t e r -  

polated d a t a  i n  PLOTAF and PLOTCK w i l l  be o u t p u t  

EPS 

DF 

convergence  cri teria used d u r i n g  least-squares poly-  

nomial smoothing process i n  s u b r o u t i n e  SMOXY 

s t a n d a r d  d e v i a t i o n  used d u r i n g  l e a s t - s y u a r e s  c u b i c  

s p l i n e  smoothing process i n  s u b r o u t i n e s  SMOXY and CSDS 
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i f  a nonzero  v a l u e  appears f o l l o w i n g  a ca l l  to sub- 

r o u t i n e  INPUT, it i n d i c a t e s  t h a t  a n o t h e r  case follows; 

and i f  it appears f o l l o w i n g  a ca l l  to s u b r o u t i n e  

SMOXY, an  error has  o c c u r r e d  

S u b r o u t i n e  INTER 

S u b r o u t i n e  INTER is a u t i l i t y  subprogram used to i n t e r p o l a t e  a 

y-value at a g i v e n  x-value from a n  i n p u t  table of x- and y-values .  

The i n t e r p o l a t i o n  can  be performed us ing  either a l i n e a r  ( s t r a i g h t  

l i n e )  o r a  weighted q u a d r a t i c - e q u a t i o n  f i t  o f  t h e  y-va lues  i n  t h e  

i n t e r p o l a t i o n  i n t e r v a l .  The o n l y  r e s t r i c t i o n s  are t h a t  t h e  i n p u t  

table of x-values  be s ing le -va lued  and mono ton ica l ly  i n c r e a s i n g  or 

d e c r e a s i n g  and t h a t ,  for t h e  weighted q u a d r a t i c - e q u a t i o n  f i t ,  t h e  

i n p u t  table o f  x-values  c o n t a i n  -t least  f o u r  v a l u e s .  The i n i t i a l  

e x e c u t i o n  step i n  t h i s  s u b r o u t i n e  is a search to de te rmine  t h e  

x - i n t e r v a l  c o n t a i n i n g  t h e  desired i n t e r p o l a t i o n  x-value (xi- l  - < x  

< xi). 
are i n t e r p o l a t e d  : 

(1) ys by f i t t i n g  a s t r a i g h t  l i n e  between xiwl and x 

( 2 )  yl by f i t t i n g  a q u a d r a t i c  e q u a t i o n  between and 

F o r  t h e  weighted  q u a d r a t i c - e q u a t i o n  method, three y-va lues  

i' 

x i 8  and 

(3 )  y2 by f i t t i n g  a q u a d r a t i c  e q u a t i o n  between xi, and 

X i+l 

The d e v i a t i o n s  between t h e  q u a d r a t i c - e q u a t i o n  and s t r a i g h t - l i n e  

interpolated y-values  are 

The 

t h e  

f i n a l  interpolated y-value is o b t a i n e d  by l i n e a r  we igh t ing  of 

two d e v i a t i o n s  so t h a t  
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A 2  w =  
2 A 1  + 8 2  

where w =  81 ar 1 
1 A 1  + A2 

A = c1(x - x ) and A = E ( x  -XI. ( 4 7  1 1 i-1 2 2 i  

For  t h e  l i n e a r  i n t e r p o l a t i o n  method, the i n t e r p o l a t e d  y-value is 

s imply  e q u a l  to ys* 

The f o l l o w i n g  is a d e s c r i p t i o n  of the  parameters i n  t h e  a rgu-  

ment list for t h i s  s u b r o u t i n e :  

XINT i n p u t  i n t e r p o l a t i o n  x-value 

Y I N T  o u t p u t  i n t e r p o l a t e d  y-value 

N number of v a l u e s  i n  i n p u t  x and y a r r a y s  

X and Y a r r a y s  c o n t a i n i n g  i n p u t  x- and y -va lues  

JSTART a r r a y  index  to begi.1 search for i n t e r v a l  c o n t a i n i n g  

X I N T  

J E N D  

ICD 

a r r a y  index  of x - i n t e r v a l  c o n t a i n i n g  X I N T  

i f  equal to 0, t h e  weighted q u a d r a t i c - e q u a t i o n  laethod 

is used ,  and ,  i f  e q u a l  to 1, t h e  l i n e a r  method is 

used 

In  t he  a i r f o i l  smoothing program, s u b r o u t i n e  INTER is called by 

s u b r o u t i n e  BADPT which checks for bad i n p u t  a i r f o i l  c o o r d i n a t e s  and 

by s u b r o u t i n e  SMOXY d u r i n g  t h e  search for i n f l e c t i o n  p o i n t s  i n  the 

f i n a l  smoothed a i r f o i l  c o n t o u r .  

S u b r o u t i n e  I N P U T  

The pr imary  f u n c t i o n s  of s u b r o u t i n e  I N P U T  are to read and p r i n t  

t h e  i n p u t  a i r f o i l  d a t a  and to prepare t h e  i n p u t  data i n  t h e  p r o p e r  

format for i n p u t  to t h e  smoothing prograii .  A detai led d e s c r i p t i o n  

of t he  r e q u i r e d  i n p u t  a i r f o i l  data and t h e  v a r i o u s  o p t i o n s  a v a i l a b l e  
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f o r  p l o t t i n g  and punching t h e  o u t p u t  data is p r e s e n t e d  i n  t h e  use r -  

g u i d e  g i v e n  i n  Appendix C. A f t e r  r e a d i n y  t h e  i n p u t  data from t h e  

f i l e  JREAD and w r i t i n g  on  o u t p u t  f i l e  JWHITE and if desired, t h e  

n e x t  e x e c u t i o n  s t e p  is to ca l l  s u b r o u t i n e  BADPT to check t h e  uppe r  

and lower s u r f a c e  c o o r d i n a t e s  f o r  o b v i o u s  bad p o i n t s .  I f  no errors 

o c c u r  d u r i n y  t h e  check for bad p o i n t s  and a g a i n  i f  desired, sub- 

r o u t i n e  TRNSRT is called to t r a n s l a t e  and rotate t h e  i n p u t  a i r f o i l  

to a n  a x i s  sys tem c o i n c i d e n t  w i t h  t h e  l o n g e s t  chord  of  t h e  a i r f o i l .  

The n e x t  e x e c u t i o n  s tep is to  reorder t h e  i n p u t  c o o r d i n a t e s ,  

which are i n p a t  f rom t h e  l e a d i n g  edge to t h e  t r a i l i n g  edge f o r  e a c h  

s u r f a c e ,  froin t h e  lower s u r f a c e  t r a i l i n g  edge  clockwise around the  

a i r f o i l  to t h e  upper  s u r f a c e  t r a i l i n g  edge.  The reordered coordi- 

n a t e s  are also nondimens iona l ized  by the  chord l e n g t h  and,  a t  t h e  

same time, t h e  e q u i v a l e n t  t r a n s f o r m a t i o n  e -va lues  computed u s i n g  

e q u a t i o n s  ( 1 0 )  and (11). I f ,  i n s t e a d  of x and y c o o r d i n a t e s ,  t h e  

c o o r d i n a t e s , y '  v a l u e s ,  or ym v a l u e s  as a f u n c t i o n  o f  e are i n p u t ,  

t he  e q u i v a l e n t  x' v a l u e s  are computed u s i n g  e q u a t i o n s  ( 3 )  and ( 5 ) .  

The fo l lowiny  

I T E R  

IPLOT 

IPUNCH 

IOP 

ICAMTK 

INTR 

I B A D  

ITRN 

YLTE, YNOSE, YUTE 

i n p u t  q u a n t i r i e s  are d e f i n e d  i n  t h i s  s u b r o u t i n e :  

allowable number of  s l i ioothinj  i t e r a t i o n s  

p l o t  t ing opt i o n  

punch o u t p u t  o p t i o n  

i n p u t  a i r f o i l  c o o r d i n a t e  o p t i o n  

camber and t h i c k n e s s  d i s t r i b u t i o n  opt  i o n  

i n t e r p o l a t i o n  o p t i o n  

bad c o o r d i n a t e  check o p t i o n  

t r a n s l a t i o n  and r o t a t i o n  o p t i o n  

i n p u t  d e s i r e d  y' c o o r d i n a t e s  a t  t h e  lower 

s u r f a c e  t r a i l i n g  edge,  t h e  nose ,  and t h e  

23 
upper s u r f a c e  t r a i l i n g  edge ,  r e s p e c t i v e l y  



N I N T  

CN EW 

k P  

NOSE 

CHORD 

IERR 

TITLE 

X 

Y 

WL 

2 4  

number of input interpolation x' values 
desired chord of interpolated coordinates (all 

coordinates computed in subroutines IN'I'P are 

mu 1 t i p 1 i ed by C h~ EW ) 

number of elements in output arrays X, Y, k, THETA, 

YPS, and YPPS 

array index of nose point after reordering the 

coordinate 

computed longest chord length 

if not equal to zero, the last input case has been 

read or an error occurred durinl; the calls to 

subroutine IBAD 

input 8U-column title 

output array containing reordered x' coordinates 
output array containing reordereu coordinates for 

IOP=U or 1 

W output array containing reordered weiyhiny factors 

THETA output array containing equivalent e values 

Y PS output array containiny j ; '  values tor I u P = ~  

YPPS output array containing f'' values for IOP=3 

The tollowing arrays and constants are used internally i n  tiiis 

subroutine: 

XL array containing input lower surface x coordinates if 

I O P 4  and 8-values if IOP=O. 

YL array containing input lower surface y coordinate if 

IOP=O, y' coordinates if IOP=i, y '  values i f  IOP=2, and 

y" if IoP=3 

array contairiny input lower surface weiyhting factors 

- 



ORIG~NAL PAGE 13 
OF BOOR QUALITY 

xu 9 Yu 8 wu same as = #  YL, and WL e x c e p t  for upper  surface 

NL number of e l e m e n t s  i n  XL, YL, and WL a r r a y s  

NU number of e l e m e n t s  i n  XU, YU, and WU a r r a y s  

ITRMAX maximum numbzr of allowable smoothing i t e r a t i o n s  

TCLR allowable d e v i a t i o n  between i n p u t  and i n t e r p o l a t e d  

c o o r d i n a t e  i n  s u b r o u t i n e  BADPT 

NMAX maximum number of NU or NL v a l u e s  

S u b r o u t i n e  TRNSRT 

The f u n c t i o n  of s u b r o u t i n e  TRNSRT is to t r a n s l a  , ,,id rotate 

t h e  i n p u t  a i r fo i l  c o o r d i n a t e s  to a n  axis  sys t em c o i n c i d e n t  w i th  t h e  

l o n g e s t  chord.  The l o n g e s t  chord is d e f i n e d  as t h e  d i s t a n c e  from 

t h e  t r a i l i n g - e d g e  bisector to t h e  f a r thes t  i n p u t  c o o r d i n a t e  i n  t h e  

n o ~ e  r e g i o n  of t he  a i r fo i l .  The t r a n s l a t i o n  and r o t a t i o n  e q u a t i o n s  

are i d e n t i c a l  to e q u a t i o n s  ( 3 7 )  and (38)  where xc and y .  are the  

nose c o o r d i n a t e s  and 4 is t h e  a n g l e  between the l o n g e s t  chord  and 

t h e  i n p u t  x-ax is .  Af t e r  t h e  i n p u t  c o o r d i n a t e s  have been t r a n s l a t e d  

and rotatedr  the  i n p u t  coordinate and weighing  factor a r r a y s  are 

reloaded w i t h  t h e  newly d e f i n e d  transformed v a l u e s .  The f o l l o w i n g  

parameters are used i n t e r n a l l y  i n  t h i s  s u b r o u t i n e :  

ANGLE computed a n g l e  of l o n g e s t  chord and i n p u t  x-axis 

XNOSEt YNOSE computed nose c o o r d i n a t e  of l o n g e s t  chord  

XTEr YTE computed coordinates of t r a i l i n g - e d g e  bisector of 

Y 

l o n g e s t  chord 

S u b r o u t i n e  BADPT 

The f u n c t i o n  of s u b r o u t i n e  BADPT 1% to i d e n t i t y  and p o s s i b l y  to 

correct i n p u t  3 c o o r d i n a t e s  wnotie c o r r e s p o n d i n g  i n t e r p o l a t e d  v a l u e s  

e x c e e d s  a s p e c i f i e a  t o l e r a n c e .  The user may execute a c a l l  to t h i s  

s u b r o u t i n e  by s p e c i f y i n g  a nonzero  v a l u e  for t h e  p a r a m e t e r  IBAD i n  
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s u b r o u t i n e  INPUT: however, t h e  cal l  shou ld  be made o n l y  i f  t h e  u s e r  

has  a coircern a b o u t  p o s s i b l e  bad p o i n t s  or e x c e s s i v e  waviness  i n  t h e  

i n p u t  c o o r d i n a t e s .  Fol lowing e n t r y  to t h i s  s u b r o u t i n e  t h e  0 equ iva -  

l e n t  ot each i n p u t  x' c o o r d i n a t e  is computed for u s e  d hi,ns t h e  

i n t e r p o l a t i o n  process. Then for each i n p u t  7 c u o r d i n a t e ,  a corre- 

sponding  i n t e r p o l a t e d  v a l u e  is o b t a i n e d  u s i n g  the  we:,nted 

q u a d r a t i c - e q u a t i o n  method of s u b r o u t i n e  INTER w i t h  i n p u t  arraxs 

loaded w i t h  the  remain ing  f c o o r d i n a t e s  and  0 v a l u e s .  

the  i n p u t  t o o r d i n a t e  i t se l f  is n o t  loaded.) I f  t h e  d e v i a t i o n  

between t h e  i n p u t  and i n t e r p o l a t e d  3 c o o r d i n a t e  exceeds  a specified 

t o l e r a n c e ,  t h e  i n t e r p o l a t e d  3 c o o r d i n a t e  is f l a g g e d  as ba ing  out -of -  

t o l e r a n c e ,  t h e  i n t e r p o l a t e d  v a l u e  s u b s t i t u t e d ,  and t h e n  e x e c u t i o n  

c o n t i n u e s  to t h e  n e x t  p o i n t .  I f ,  however, d u r i n g  t h i s  i n t e r p o l a t i o n  

(Note t h a t  

process, two c o n s e c u t i v e  p o i n t s  are found to be o u t - o f - t o l e r a n c e ,  an 

error f l a g  is set  which w i l l  termipate t h e  e x e c u t i o n  of t h e  par- 

t i c u l a r  i n p u t  case. The f o l l o w i n y  a d d i t i o n a l  parameters &re used in 

t h i s  s u b r o u t i n e :  

X f Y  i n p u t  a r r a y s  c o n t a i n i n g  e i the r  upper or lower s u r f a c e  

and y c o o r d i n a t e s  

ISURF if e q u a l  t o  1, i n d i c a t e s  upper  surface c o o r d i n a t e s  

T I  

Y I  

YN 

IERR 

i n p u t ,  and f  i f  e q u a l  t o  2, lower surface 

work a r r a y  c o n t a i n i n g  a l l  0 v a l u e s  except.  v a l u e  at 

desired i n t e r p o l a t i o n  p o i n t  

work arrai  c o n t a i n i n g  a l l  c o o r d i n a t e s  except v a l u e  a t  

t h e  desired i n t e r p o l a t i o n  p o i n t  

temporary a r r a y  c o n t a i n i n g  i n t e r p o l a t e d  'y c o o r d i n a t e s  

i f  o u t p u t  w i t h  a nonzero  v a l u e ,  two a d j a c e n t  p o i n t s  are 

o u t - o f - t o l e r a n c e  
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Subroutine SMOXY 

The primary function of subroutine SMOXY is to perfo I the 

iterative smoothing process ana is, therefore, the most important 

subroutine in *.he entire airfoil smoothiny program. The basic 

inputs to this subroutine are the initial and 7 coordinates, 
either i' or v w ,  tha transformed e values, weighting factors for 

each input point, and the input option parameter IOP which specifies 

the type of input data. I f  either ;* or 3" are input instead of the 

y coordinates, the desired trailing edge and nose 3 coordinates vast 
also be input. 

- 

Atter entry to the subroutine, the input option parameter is 

checked to determine the type of input data. If the first deriva- 

tives 3' are input ( I O P  = 21,  two sets of sccond derivatives y'" are 

computed. One set is computed usiny the least-squares polynomial 

smoothing method (subroutine LSQSMO) and the second set, using the 

least-squares clibic-splj ne method (subroutine CSDS) .  Each set of 

s,cond derivatives and the desired trailing-edge and nose coordi- 

nates are then input to subroutine YNEW which compute% a correspond- 

ing set of ; coordinates. These coordinates and their correspond- 

ing second derivatives are then used to compute a new set of first 

derivatives usiny the spline equation (31). The coordinates and 

the sum-of-the-squares of the difference between the original input 

and computed first derivatives are then computed for each set and 

the set with the smallest sum is chosen for subsequent smoothing. 

If the second derivatives 7" and the desired trailing-edge and 
nose 7 coordinates are iaput (IOP=3), a corresponding set of 
coordinbtes are computed w- . subroutine YNEW and a set of first 

derivatives computed with s?line Y : ( 3  i .  Then, regardless of 
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t h e  i n p u t  o p t i o n ,  program e x e c u t i o n  p r o c e e d s  to the  i t e r a t i v e  

smoothing process. Prior to t h e  s t a r t  of t h i s  i t e r a t i o n  c y c l e ,  a 

search is made of t h e  ipper and lower s u r f a c e  c o o r d i n a t e s  to 

d e t e r m i n e  t h e  maximum upper  s u r f a c e  acd minimum lower s u r f a c e  

v a l u e s .  During each smoothing c y c l e ,  these two c o o r d i n a t e s  are 

h e a v i l y  weighted  i n  an  a t t e m p t  to itislrre tha t  t h e  rnaximuru t h i c k n e s s  

of t h e  f i n a l  smoothed airfoil is r e a s o n a b l y  close to t h a t  of t h e  

o r i g i n a l  i n p u t  a i y f o i l .  

As d i s c u s s e d  i n  t h e  mnethod section of t h i s  regort, the  i n i t i d  

s tep i n  t h e  smoothing process is to d e t e r m i n e  the smootned secona  

d e r i v a t i v e s  of t he  i n p u t  f c o o r d i n a t e s  u s i n g  a n  i t e r a t i v e  piecewise 

l e a s t - s q u a r e s  polynomia l  smoothiny method. During t h i s  i t e r a t i o n  

p r o c e s s ,  each ca l l  to s u b r o u t i n e  LSQSMO p r o d u c e s  a new set of 7 
c o o r d i n a t e s  and t h e i r  c o r r e s p o n d i n g  f i r s t  and second d e r i V d t i V e S .  

The n e x t  s t e p  i n  t h e  i t e r a t i o n  p r o c e s s  is to compute t h e  sum-of-the- 

squares of t h e  d i f f e r e n c e  between t h e  c u r r e n t  and p r e v i o u s  set of 

second d e r i v a t i v e s  and t h e n  to check the  sura to i n s u r e  t h a t  the cu r -  

r e n t  v a l u e  is less t h a n  t h e  p r e v i o u s  v a l u e .  T h i s  w i l l  d e t e r m i n e  

w h e t h e r  or n o t  t he  i t e r a t i o n  p r o c e s s  is converg ing .  I f  t h e  p r o c e s s  

is d i v e r g i n g ,  t he  i t e r a t i o n  c y c l e  is t e r m i n a t e d ,  a n  a p p r o p r i a t e  

error message p r i n t e d ,  and e x e c u t i o n  p r o c e e d s  to  the  n e x t  s t e p .  If 

t h e  process is converg iny ,  t h e  n e x t  i t e r a t i o n  i n p u t  ? c o o r d i n a t e s  

f o r  subr0ut i r .e  LSQSMO are coiitputed u s i n g  t h e  f o l l o w i n g  w e i g h t i n g  

procedure : 
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and i f  the s i g n  or magnitude o f  A e q u a l s  b t h e n  i i-1 

1 -  
(Y, + 

and, i f  n o t ,  t h e  Newton-Raphson formula  

(49  1 

is used, where i is the i t e r a t i o n  number, I i n d i c a t e s  i n p u t  v a l u e ,  

and  N i n d i c a t e s  new v a l u e  computed by LSQSMO. A f t e r  computing the 

new weighted c o o r d i n a t e s ,  the  sum-of-the-squares d i f f e r e n c e  o f  t h e  

second d e r i v a t i v e s  is checked to see i f  it is less t h a n  the speci- 

f i e d  convergence  v a l u e  EPS. Bswever, i f  t h e  v a l u e  o f  t h e  d i f f e r e n c e  

sum is g r e a t e r  t h a n  t h e  convergence  v a l u e ,  t h e  i t e r a t i o n  cycle is 

repeated. I f  t h e  v a l u e  has  converged or t h e  i t e r a t i o n  c y c l e  b e g i n s  

a d i v e r g e ,  program e x e c u t i o n  proceeds to the n e x t  step which is to 

smooth the second d e r i v a t i v e s  one a d d i t i o n a l  time us ing  the  least- 

s q u a r e s  c u b i c - s p l i n e  method of  s u b r o u t i n e  CSDS. The a d d i t i o n a l l y  

smoothed second d e r i v a t i v e s  and t h e  f i n a l  t r a i l i n g - e d g e  and nose  9 
c o o r d i n a t e  from t h e  piecewise l e a s t - s q u a r e  polynomia l  smoothing pro- 

cess are t h e n  i n p u t  to s u b r o u t i n e  YNEW which computes d correspond-  

ing  f i n a l  set  of  smoothed c o o r d i n a t e s .  

The f i n a l  smoothed c o o r d i n a t e s  are t h e n  checked f o r  r e l a t i v e  

smoothness  by a n o t h e r  c a l l  to LsQsMO w i t h  a l l  t h e  c o o r d i n a t e  weight-  

iny factors set e q u a l  to 1.0. The n e x t  e x e c u t i o n  s t e p  is to compute 

a co r re spond ing  se t  of  f i n a l  smoothed f irst  . ' ? r i v a t i v e s  us ing  s p l i n e  

e q u a t i o n  ( 3 1 ) .  Then t h e  f i n a l  smoothed f i r s t  crnd second d e r i v a t i v e s  

w i t h  respect to I and t h e  c u r v a t u r e  are computed and p r i n t e d  i n  

a d d i t i o n  tc t h e  o r i g i n a l  i n p u t  and f i n a l  smoothed c o o r d i n a t e s  and  

t h e  f i n d  smoothsd f irst  and second d e r i v a t i v e s  Gfi and 3.. 
29 
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Fol lowing  t h e  detailed p r i n t o u t  step,  a check  is made for 

n e g a t i v e  t h i c k n e s s  OK c r o s s o v e r  between t h e  upper  and lower  s u r f a c e  

n e a r  the t r a i l i n g  edge  of tne a i r fo i l .  During t h e  l e a r t - s q u a r e s  

polynomia l  smoothing process, the i n p u t  w e i g h t i n g  for t h e  t r a i l i n q -  

e d g e  c o o r d i n a t e s  are m u l t i p l i e d  by a f a c t o r  o f  7 to help e n s u r e  t h 3 t  

t h e  f i n a l  smoothed a i r f o i l  has t h e  same t r a i l i n g - e d g e  thickness as 

the  o r i g i n a l  i n p u t  a i r f o i l .  I n  spite o f  t h i s  a d d i t i o n a l  w e i g h t i n g ,  

t h e  f i n a l  smoothed a i r foi l  w i l l  o f t e n  have n e g a t i v e  t r a i l i n g - e d g e  

t h i c k n e s s ;  e s p e c i a l l y  i f  t n e  i n p u t  a i r f o i l  has  zero or a v e r y  small 

t r a i l i n g - e d g e  t h i c k n e s s .  I f  a c r o s s o v e r  is d i s c o v e r e d  d u r i n g  t h i s  

step, a n  error message is p r i n t e d ,  a n  error f l a g  s t #  and e x e c u t i o n  

r e t u r n e d  to t h e  c a l l i n g  program. 

I f  no c r o s s o v e r  is d i s c o v e r e d ,  tne  n e x t  and f i n a l  step is to 

d e t e r m i n e  t h e  l o c a t i o n  o f  a l l  i n f l e c t i o n  p o i n t s  (1.e. = 0 )  i n  the  

f i n a l  smoothed a i r f o i l .  This step is accomplished by c h e c k i n g  each 

+ i n t e r v a l  of t h e  f i n a l  a i r f o i l  f o r  e l o c a t i o n s  mere t h e  f i r s t  

d e r i v a t i v e  s p l i n e  equaLion (31) is e q u a l  to zero. T h i s  e q u a t i o n  c a n  

be w r i t t e n  as t h e  q u a d r a t i c  e q u a t i o n  

ae2 + be + c = 0 ( 5 1 )  

w i t h  
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where h i  = O i + l  - ei. 

which l i e  w i t h i n  t h e  8 - i n t e r v a l  are the  i n f l e c t i o n  p o i n t s .  A l l  

i n f l e c t i o n  p o i n t  l o c a t i o n s  and the r e s u l t s  o f  t h e  f i n a l  smoothness  

check  are t h e n  p r i n t e d  and c o n t r o l  r e t u r n e d  to t h e  c a l l i n g  p r o y r c .  . 

The real s o l ~ i t i o n s  to t h i s  e q u a t i o n  

A d e s c r i p t i o n  o f  t h e  parameters i n  t h e  argument list f o r  t h i s  

s u b r o u t i n e  is p r e s e n t e d  i n  t h e  d e s c r i p t i o n  o f  program AIRSMO and t h e  

s u b r o u t i n e  INPUT. The f o l l o w i n g  parameters are -sed i n t e r n a l l y :  

WT m u l t i p l i e r  for we'ght ing of  maximum t h i c k n e s s  

coord ica tes 

YP!? irnd YPPU work a r r a y s  c o n t a i n i n g  c u r r e n t  vaAues of g" 

YUSMO and YN work arrays c o n t a i n i n g  c u r r e n t  v a l u e s  of y' 

WK, A, and DUM i n t e r n a l  work a r r a y s  

S r n Y  a r r a y  c o n t a i n i n y  sum-of-squares d i f f e r e n c e s  f rom 

l e a s t - s q u a r e s  polynomia l  smoothing process 

JMAXL and JMAXU a r r a y  index v a l u e s  f o r  t h e  minimum lower s u r f a c e  

3 and for t h e  maximum upper s u r f a c e  98 r e s p e c t i v e l y  

d'i/d8 and d2Z/de2 

dg/dZ and d2y/dZ2 

GP and GPP 

DYDX and DY2DX 

CURV c u r v a t u r e  k 

RLE l ead ing-edge  r a d i u s  ( l / k  a t  nose )  

S u b r o u t i n e  YNEW 

The pr imary  f u n c t i o n  of  s u b r o u t i n e  YNEW is to : o n t r o l  t h e  

i t e r a t i v e  p rocedure  t h a t  computes a set of  riew y' c o o r d i n a t e s  from a n  

i n p u t  set  of  second d e r i v a t i v e s  and desired t r a i l i n g  edge  and nose  

c o o r d i n a t e s .  Tile new set of  coord ina . t e s  can  be computed us ing  two 

d i f f e r e n t  s o l u t i o n  approaches. For  t h e  f irst  approach  (IPT = O ) ,  

t h e  r e s u l t a n t  s imul t aneous  c u b i c - s p l  i n e  e q u a t i o n s  s o l v e d  are 

g e n e r a t e d  us ing  t h e  combined upper and lower s u r f a c e  
31 



second derivat ives  and s e t t i n q  the e n d  c o n d i t i o n s  equal to 

the l e a d i n g -  and t r a i l i n g - e d q e  c o o r d i n a t e s .  The v a l u e  of t h e  f i r s t  

d e r i v a t i v e  a t  t h e  nose  w i l l ,  of c o u r s e ,  be t h e  same w h e t h e r  

approached from e i t h e r  t h e  upper  or lower s u r f a c e ;  however, t h e  

y - c m r d i n a t e  a t  t h e  nose  may d i f f e r  froin t h e  desired i n p u t  v a l u e .  

The desired i n p u t  nose  c o o r d i n a t e  can  be o b t a i n e d  by addinq  a sinall  

c o n s t a n t  i nc re inen ta l  v a l u e  to  the i n p u t  second d e r i v a t i v e s .  T h i s  

small v a l u e  acts the same ns a c o n s t a n t  of i n t e g r a t i o n  r e s u l t i n g  i n  

3 small s t r r t c h i n g  of s h r i n k i n g  of. the computed c o o r d i n a t e s .  The  

i n c r e m e n t a l  v a l u e  is de te r in ined  i n  t h i s  s u b r o u t i n e  us ing  t h e  s i m p l e  

i t e r a t i v e  Newton-Raphson e q u a t i o n  

where  Ax r e p r e s e n t s  t he  i n c r e m e n t a l  value, t ( A x )  t h e  d i f f e r e n c e  

between t h e  desired and computed nose  c o o r d i n a t e s ,  f '  ( A x )  t h e  slope 

of t h e  d i f f e r e n c e  c u r v e  (de t e rmined  u s i n g  simple d i f f e r e n c i n g ) ,  and 

i t h e  i t e r a t i o n  number. 

F o r  t h e  second approach ( I P T  = 11, t h e  r e s u l t a n t  s i m u l t a n e o u s  

c u b i c - s p l i n e  e q u a t i o n s  s o l v e d  are g e n e r a t e d  i n  a piecewise manner 

f i r s t  u s i n g  the lower s u r f a c e  second d e r i v a t i v e s  and s e t t i n g  t h e  end  

c o n d i t i o n s  e q u a l  to t h e  t r a i l i n g - e d g e  and nose  c o o r d i n a t e s ,  and t h e n  

u s i n g  t h e  c o r r e s p o n d i n g  q u a n t i t i t e s  for t h e  upper  s u r f a c e .  T h i s  

approach  ensures ,  of c o u r s e ,  t h a t  t h e  r e s u l t a n t  a i r f o i l  w i l l  have  

t h e  desired nose  c o o r d i n a t e ;  however, t h e  slope a t  t h e  nose may 

d i f f e r  when approached  from t h e  upper  and lower surfaces. Here 

a g a i n ,  l i k e  t h e  Eirst approach, a be t te r  match c a n  be o b t a i n e d  by 
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add ing  a sinal1 i n c r e m e n t a l  v a l u e  to the  i n p u t  second d e r i v a t i v e s .  

T h i s  increment  is de te rmined  u s i n g  t n e  same i t e r a t i v e  Newton-Haphson 

e q u a t i o n  as t h a t  used for the first approach  e x c e p t  the Ax repre- 

s e n t s  t h e  d i f f e r e n c e  between upper  and lower s u r f a c e  first d e r i v a -  

t i v e s  a t  t h e  nose.  Both approaches s h o u l d  t h e o r e t i c a l l y  produce  t h e  

sane i n c r e m e n t a l  v a l u e s :  however, e x p e r i e n c e  has shown t h a t  t h e  

convergence  o f  t h e  second approach is g e n e r a l l y  q u i c k e r  and more 

stable. 

The f o l l o w i n g  a d d i t i o n a l  parameters are used i n t e r n a l l y  i n  t h i s  

s u b r o u t i n e :  

DUM and WK i n t e r n a l  work a r r a y s  

DELTA i n c r e m e n t a l  v a l u e  added to second d e r i v a t i v e s  

Subrou t  i n e  INW 

The f u n c t i o n  of t h i s  s u b r o u t i n e  is to compute a set of 5 
c o o r d i n a t e s  from an i n p u t  set of second d e r i v a t i v e s  and desired 

c o o r d i n a t e s  a t  t h e  s ta r t  and end of t h e  set. The i n p u t  second 

d e r i v a t i v e s  and t r a n s f o r m a t i o n  + v a l u e s  are used to compute a m a t r i x  

of s i m u l t a n e o u s  e q u a t i o n s  using t h e  c u b i c - s p l i n e  e q u a t i o n  (29)  . The 

r e s u l t a n t  m a t r i x  is t r i d i a g o n a l  w i t h  two less e q u a t i o n s  t h a n  

unknowns and relates t h e  second d e r i v a t i v e s  ia and t h e  c o r r e s p o n d i n g  

c o o r d i n a t e s .  The two remain ing  unknowcs are s p e c i f i e d  as t h e  

desired c o o r d i n a t e s  a t  t h e  s t a r t  and end of t h e  set. The s o l u t i o n  

of t h e  r e s u l t a n t  m a t r i x  is g r e a t l y  s implif ied because  only t h e  

d i a g o n a l  e l e m e n t s  d i  and t h e  two a d j a c e n t  e l e m e n t s  ei and f i  

d i f f e r  from zero .  Using t h e  Crou t  r e d u c t i o n  method described i n  

r e f e r e n c e  6 ,  t h e  s o l u t i o n  becomes a s i m p l e  back s u b s t i t u t i o n  
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where 

- - ci - eici-l - and c i  - 4 

The t r i d i a g o n a l  terms from e q u a t i o n  ( 2 9 )  are 
ai 

e = l / h i - l -  i 

d = - l /h  - l / h i  i i-1 

f = l / h i  i 

/ h i - 1  + h  i)  yli i (3) y”i+l 
and ci=(%) + , 3 

A t  t h e  e n d s  t h e  c o e f f i c i e n t  terms are  

and 
- 

eN = 0,  dN = 1, C, = y, . 
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The f o l l o w i n g  is a d e s c r i p t i o n  o f  the parameters i n  aryument 

list for t h i s  s u b r o u t i n e :  

x i n p u t  a r r a y  c o n t a i n i n g  6 v a l u e s  

YPP 

NS 

NE 

i n p u t  a r r a y  c o n t a i n i n y  v a l u e s  

index  of s ta r t  e i emen t  

index of end e lement  

Y o u t p u t  a r r a y  c o n t a i n i n g  c o o r d i n a t e s  

YSTART desired y' c o o r d i n a t e  a t  s t a r t  

YEND 

A 

desired c o o r d i n a t e  a t  end 

i n t e r n a l  work a r r a y  

S u b r o u t i n e  LSQSMO 

The f u n c t i o n  of t h i s  s u b r o u t i n e  is to smooth and compute t h e  

second d e r i v a t i v e s  of a n  i n p u t  set of 7 c o o r d i n a t e s  u s i n g  the piece- 

w i s e  l e a s t - s q u a r e s  polynoinial  method described i n  the p r e v i o u s  meth- 

od s e c t i o n .  The s u b r o u t i n e  smooths each c o o r d i n a t e  by f i t t i n g  a 

l e a s t - s q u a r e s  polynomial  of t h e  4 t h  d e g r e e  through t h e  i n p u t  coordi- 

n a t e  and s i x  a d j a c e n t  c o o r d i n a t e s .  I f  possible, t h e  s i x  c o o r d i n a t e s  

used are t h e  three c o o r d i n a t e s  j u s t  prior to and t h e  three j u s t  

a f t e r  t h e  i n p u t  c o o r d i n a t e ;  otherwise, s i x  c o n s e c u t i v e  c o o r d i n a t e s  

are used. Prior to  t h e  e x e c u t i o n  of t h e  smoothing process, a check 

is made of t h e  three co r re spond ing  upper and lower s u r f a c e  coordi- 

n a t e s  a d j a c e n t  to the  nose c o o r d i n a t e  to de te rmine  whether or n o t  

t h e  i n p u t  a i r f o i l  is symmetr ic  a b o u t  t h e  +axis i n  t h e  nose  r e g i o n .  

If  t h e  a i r fo i l  is symmetric i n  t h e  nose,  t h e  smoothing process is 

performed i n  t h e  clockwise d i r e c t i o n  f o r  the  upper s u r f a c e  and 

coun te rc lockwise  for t h e  lower s u r f a c e ;  otherwise, it is performed 

clockwise f o r  both s u r f a c e s .  
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During t h e  smoothing process, each c o o r d i n a t e  is g i v e n  t h e  

s p e c i f i e d  i n p u t  weight ing  factor and t h e  s i x  a d j a c e n t  C o o r d i n a t e s  

are g i v e n  a we igh t ing  of 1.0. The maximum and m i n i m u m  t h i c k n e s s  

c o o r d i n a t e s  are also g i v e n  an a d d i t i o n a l  we igh t ing  equal  to t h e  

parameter WT times t h e  i n p u t  v a l u e .  I n  a s imilar  manner, t h e  upper  

and lower surface t r a i l i n g - e d g e  coordinates are g i v e n  an  a d d i t i o n a l  

we igh t ing  of  7 times the  i n p u t  va lue .  A f t e r  computing t n e  c o e f f i -  

c i e n t s  of t h e  least-squares polynomia l  €or each  c o o r d i n a t e ,  a new 

? -coord ina te  v a l u e ,  t h e  f irst-, and t h e  s e c o n d - d e r i v a t i v e s  are 

computed us ing  e q u a t i o n  ( 1 7 ) ,  ( 1 8 ) ,  and (19), r e s p e c t i v e l y .  

The f o l l o w i n g  is a d e s c r i p t i o n  of t h e  p a r a m e t e r s  i n  the argu-  

ment l ist  and 

X 

Y 

W 

YN 

YP 

yep 

N 

IMAX and JMAX 

NOS E 

WT 

t h e  i n t e r n a l l y  used a r r a y s  ,tnd c o n s t a n t s :  

i n p u t  a r r a y  of  e v a l u e s  

i n p u t  a r r a y  of  v a l u e s  

i n p u t  a r r a y  of  we igh t ing  f a c t o r s  

o u t p u t  a r r a y  of smoothed 5 coordinates 

o u t p u t  a r r a y  of f i r s t  d e r i v z t i v e s  y '  
i - 

- 
o u t p u t  a r r a y  of second d e r i v a t i v e s  y" 

number of i n p u t  c o o r d i n a t e s  

a r r a y  index of maximum and minimum t h i c k n e s s  

coord i n a t e s  

a r r a y  index  of nose c o o r d i n a t e  

a d d i t i o n a l  we igh t ing  f a c t o r  f o r  maximum and 

minimum th i cknes r ,  c o o r d i n a t e  
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EPS 

ISYM 

XI, YI, WI 

allowable d e v i a t i o n  between c o r r e s p o n d i n g  upper  and 

lower surface 0 and v a l u e s  i n  t h e  nose r e g i o n  

i f  e q u a l  to z e r o ,  i n p u t  a i r f o i l  is symmetr ic  

i n  nose  r e g i o n  

a r r a y s  c o n t a i n i n g  7 c o n s e c u t i v e  v a l u e s  of e ,  
- 
y #  and w 

a r r a y  c o n t a i n i n g  e l e m e n t s  of symmetr ic  least-squares 

m a t r i x  

a r r a y  c o n t a i n i n g  c o e f f i c i e n t s  of r e s u l t a n t  4 t h  order 

l e a s t - s q u a r e s  polynomia l  

SubroJt i n e  CSDS 

The f u n c t i o n  of s u b r o u t i n e  CSDS is to f i t  a least-squares c u b i c  

s p l i r r e  th rough a s e t  of i n p u t  8 v a l u e s  and e i ther  t h e  y' c o o r d i n a t e s  

or t h e  second d e r i v a t i v e  in. A very  detai led d e s c r i p t i o n  of t h e o r y  

and computer cod ing  associated w i t h  t h i s  s u b r o u t i n e  is p r e s e n t e d  i n  

r e f e r e n c e  5 and,  therefore, w i l l  n o t  be p r e s e n t e d  i n  t h i s  report. 

T h i s  s u b r o u t i n e  is also a part  of  t h e  s t a n d a r d  m a t h - l i b r a r y  subpro-  

gram package on t h e  Langley CDC computer sys t em and is i d e n t i f i e d  by 

the same ca l l  name and parameter list. A complete d e s c r i p t i o n  of 

the  i n p u t  and o u t p u t  pa ra i ae t e r s  are p r e s e n t e d  a t  t h e  b e g i n n i n g  o f  

t h e  l i s t i n g  of t h e  s u b r o u t i n e  i n  Appendix A. 

S u b r o u t i n e  PCARD 

The f u n c t i o n  of s u b r o u t i n e  PCARD is to write t h e  f i n a l  snioothed 

data on an  o u t p u t  f i l e  (TAPE1) for postprocess d i s p o s a l  to a desired 

output d e v i c e .  

t i a l l y  and is fo l lowed  by a card image c o n t a i n i n g  the  v a l u e  of the 

i n p u t  o p t i o n  ( I O P  parameter) c o r r e s p o n d i n g  to the  o u t p u t  o p t i o n  

The case t i t l e  is w r i t t e n  on t h e  o u t p u t  f i l e  i n i -  
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(IPUNCM parameter). Then for t h e  upper  and lower s u r f a c e ,  tile 

number of c o o r d i n a t e s  is w r i t t e n  on t h e  o u t p u t  f i l e  fo l lowed  by o n e  

OE f o u r  t y p e s  of smoothed o u t p u t  da ta  as s p e c i f i e d  by t h e  v a l u e  of 

t h e  o u t p u t  o p t i o n  para ,ne te r  IPUNCH. The f o u r  t y p e s  of  o u t p u t  da ta  

are as follovss: 

IPUNCH = 1 x-coord ina te ,  smoothed y -coord ina te ,  and we igh t ing  

IPUNCH = 2 +va lue ,  

IPUNCH = 3 e-value,  

I P U N C H  = 4 0-value,  

I f  IPUNCH equals 3 02: 4,  

t r a i l i n g  edge ,  t h e  nose ,  

smoothed y' c o o r d i n a t e s ,  and w e i g h t i n g  

smoothed YI 8 and we igh t ing  
- 

smoothed yn, and w e i g h t i n g  
- 

t h e  y c o o r d i n a t e s  of  t h e  lower s u r f a c e  

and t h e  upper  s u r f a c e  t r a i l i n g  edge are 

a lso w r i t t e n  on  t h e  o u t p u t  f i l e .  A l l  data are w r i t t e n  on t h e  o u t p u t  

f i l e  i n  a format s u i t a b l e  f o r  i n p u t  to  t h e  a i r f o i l  smoothing pro- 

grain. Except  for  t h e  IPUNCH parameter, all o t h e r  parameters An t he  

argument list are f u l l y  d e f i n e d  i n  t h e  d e s c r i p t i o n  of  s u b r o u t i n e  

INPUT. 

S u b r o u t i n e  PLOTAF 

The f u n c t i o n  o f  s u b r o u t i n e  PLOTAF is to  p lo t  t h e  i n p u t  and 

smoothed y' c o o r d i n a t e s ,  smoothed F', and smoothed fn v e r s u s  t h e  e 

v a l u e s  ( IPLOT=l )  and to p lo t  t h e  i n p u t  and smoothed y' c o o r d i n a t e s  

v e r s d s  t h e  i n p u t  'i c o o r d i n a t e s  (IPLOT32). A l l  p l o t s  are scaled f o r  

postprocess p l o t t i n g  on  t h e  Langley 33-inch CALCOMP drum plotters.  

The c a l l e d  s u b r o u t i n e s  CALPLT, NOTATE, AXES, PNTPLT, L I N E 8  and 

NFKAME are a l l  par t  of t h e  Langley p l o t t i n g  s u b r o u t i n e  
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package and are a v a i l a b l e  by a t t a c h i n g  t h e  CALCOMP direct-access 

l i b r a r y  f i l e .  Prior to p l o t t i n g  t h e  smoothed 9 and Z c o o r d i n a t e s  

and t h e  smoothed y @  v a l u e s ,  a d d i t i o n a l  v a l u e s  are i n t e r p o l a t e d  a t  

each degree  o f  8 from -180 to +180 degrees .  The o r d i n a t e  a x e s  are 

a u t o m a t i c a l l y  scaled to i n s u r e  t h a t  a l l  i n p u t  v a l u e s  w i l l  be 

plotted.  A sample of t h e  two t y p e s  of plots g e n e r a t e d  by t h i s  

s u b r o u t i n e  is p r e s e n t e d  i n  f i g u r e  3 f o r  IPLOT=l and i n  f i g u r e  4 f o r  

IPLOTs2. Except f o r  t h e  IPLOT parameter, a l l  o t h e r  i n p u t  parameters 

Pre f u l l y  d e f i n e d  i n  t h e  d e s c r i p t i o n  of s u b r o u t i n e  INPUT. 

S u b r o u t i n e  PLOTCK 

The f u n c t i o n  o f  s u b r o u t i n e  PLOTCK is to plot  t h e  square root of 

t h e  local smoothed c u r v a t u r e  v e r s u s  t h e  e - t r a n s f o r m a t i o n  v a l u e  

(IPLOTs3). Prior to p l o t t i n g  the  c u r v a t u r e ,  a d d i t i o n a l  v a l u e s  are 

i n t e r p o l a t e d  a t  each  one-half  deg ree  of 8 from -18U to +18a 

degrees .  By p l o t t i n g  t h e  square root o f  t h e  c u r v a t u r e  rather t h a n  

j u s t  t h e  c u r v a t u r e ,  t he  v e r y  l a r g e  c u r v a t u r e  peaks i n  t h e  

nose  r e g i o n - o f  the a i r f o i l  are rcduced  and  the norma l ly  low 

c u r v a t u r e s  i n  t h e  t r a i l i n g - e d g e  r e g i o n s  are i n c r e a s e d  and, as a 

result, a more e v e n l y  p r o p o r t i o n e d  plot  is g e n e r a t e d .  A sample of 

t h e  t y p e  of plot g e n e r a t e d  by t h i s  s u b r o u t i n e  is presected i n  F i g u r e  

5. A l l  i n p u t  argument p a r a m e t e r s  are f u l l y  d e f i n e d  i n  t h e  <r;scrip- 

tion of  s u b r o u t i n e  INPUT. 

S u b r o u t i n e  CAMTK 

The f u n c t i o n  of  s u b r o u t i n e  CAMTK is to compute t h e  camber and  

t h i c k n e s s  d i s t r i b u t i o n  of t h e  f i n a l  smoothed a i r fo i l .  A d e t a i l e d  

e x p l a n a t i o n  of  t h e  method used to compute t h e  camber l ine  is pre- 

s e n t e d  i n  t h e  method s e c t i o n  of t h i s  report. The f i r s t  e x e c u t i o n  
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s t e p  i n  t h e  s u b r o u t i n e  is to  l w d  t h e  x and y c o o r d i n a t e s  and y 

v a l u e s  i n t o  s e p a r a t e  d r r a y s  fcr t h e  upper  and lower surfaces f r o m  

t h e  nose  to  t h e  t r a i l i n g  dye. The  f i r s t  d e r i v a t i v e s  dy/dx ;.re t h e n  

computed a t  each i n p u t  p o i n t  on t h e  upper  s u r f a c e .  

The  n e x t  e x e c u t i o n  s t e p  is t h e  search f o r  t h e  camber l ine .  A s  

p r e v i o u s l y  s t a t e d  i n  t h e  method s e c t i o n ,  t h e  search b e g i n s  a t  t h e  

upper  s u r f a c e  t r a i l i n y - e d g e  p o i n t  and p r o c e e d s  c o u n t e r c l o c k w i s e  

a l c n g  t h e  upper  surface to  t h e  nose  p o i n t .  A t  e a c h  upper  s u r f a c e  

p o i n t ,  a s implc l i n e a r  i n t e r p o l a t i o n  proce,:ure is used  t o  locate t h e  

co r re spond iny  lower s u r f a c e  p o i n t  t h a t  s a t i s f i e s  t h e  c a m b e r l i n e  

c r i t e r i a  of e q u a l  magni tudes  of t h e  local uppe r  and lower s u r f a c e  

s l o p e s  w i t h  respect to  an a x i s  sys t em a l i g n e d  w i t h  t h e  local 

camber l ine .  The s ea rch  for t h e  lower s u r f a c e  p o i n t  is performed 

w i t h  an  i n t e r p o l a t i c n  i n t e r v a l  of 1/2000th oE t h e  chcrd.  A f t e r  

l o c a t i n g  t h e  lower s u r f a r e  p o i n t ,  e x e c u t i o n  c o n t i n u e s  t o  t h e  nex t  

upper  surface p o i n t  and the  search b e g i n s  on the lower s u r f a c e  a t  

t h e  p r e v i o u s l y  located p o i n t  and proceeds clockwise :ward t h e  nose  

p o i n t .  

After comple t ing  t h e  c a m b e r l i n e  s e a r c h  f c r  each p o i z t  on  fhe  

upper  s u r f a c e ,  t h e  n e x t  e x e c u t i o n  s t e p  is to locate  t h e  i n t e r s e c t i o n  

o f  t h e  c a m b e r l i n e  w i t h  t h e  a i r f o i l  l e a d i n g  edye  which is t h e  loca- 

t i o n  of zero t h i c k n e s s .  T h i s  i n t e r s e c t i o n  is found by f i t t - i n g  a 

second-order  po lynomia l  t o  t h e  p r e v i o u s  three c a m b e r l i n e  c o o r d i n a t e s  

and t h e n  e x t r a p o l a t i n g  to  f i n d  t h e  i n t e r s e c t i o n  w i t h  t h e  nose  r e g i o n  

which is d e f i n e d  w i t h  c u b i c - s p l i n e  f u n c t i o n s .  The upper  s u r f a c e  

c o o r d i n a t e s ,  c x r e s p o n d i n y  lower s u r f a c e  c o o r d i n a t e s ,  c a m b e r l i n e  

c o o r d i n a t e s ,  t h i c k n e s s ,  and s l o p e  of t h e  c a m b e r l i n e  are p r i n t e d  a t  

e a c h  s t e p  d u r i n g  t h e  search for t h e  c a m b e r l i n e  and t h e  nose  i n t e r -  
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s e c t i o n  p o i n t s .  An error term is also p r i n t e d  f o r  each p o i n t  and 

r e p r e s e n t s  t h e  a b s o l u t e  v a l u e  of t h e  d i g f e r e n c e  between t h e  local 

s l o p e s  of t h e  upper and lower s u r f a c e  c a m b e r l i n e  search p o i n t s  w i t h  

r e s p e c t  to  t h e  local c a m b e r l i n e - a x i s  sys tem.  

The n e x t  e x e c u t i o n  s tep  is to  write t h e  camber and t h i c k n e s s  

d i s t r i b u t i o n  data on  a n  o u t p u t  f i l e  (TAPE1) for possible i n p u t  to 

the a i r f o i l  s c a l i n g  prqram AFSCL. T h i s  e x e c u t i o n  step is a c t i v a t e d  

o n l y  i f  t h e  v a l u e  of t h e  I P U N C H  i n p u t  parameter e q u a l s  5. Tkc - h a 1  

e x e c u t i o n  s tep,  i f  t h e  v a l u e  of t h e  i n p u t  KPLOT parameter is n o n z e r o  

(IPLOI! = 4 ,  8 ,  9, or lo), is to p lo t  t h e  camber aad t h i c k n e s s  d i s -  

t r i b u t i o n  data. A sample o f  t h e  t y p e  of p lo t  g e n e r a t e d  is p r e s e n t e d  

i n  f i g u r e  6 .  The c a m b e r l i n e  c o o r d i n a t e s  are plot ted a t  t h e  bottom 

p a r t  o f  t h e  f i q u r e ,  th: h a l f - t h i c k n e s s  d i s t r i b u t i o n  a t  t h e  c e n t e r ,  

and t h e  apper and lower s u r f a c e  search p o i n t s  a t  t h e  top par t  of  t h e  

f i g u r e .  

A d e s c r i p t i o n  o f  t h e  parameters iri t h e  a rgument  l ist f o r  t h i s  

s u b r o u t i n e  is p r e s e n t e d  i n  t h e  d e s c r i p t i o n  o f  program AIRSMO and 

s u b r  ) u t i n e  INPUT. The f o l l o w i n g  parameters are used i n t e r n a l l y :  

TU and TL 

YU and YL 

YPPU and YPPL 

DYXU 

temporary  a r r a y s  c o n t a i n i n g  i n p u t  upper and lower 

s u r f a c e  0-va lues  from nose  to t r a i l i n g - e d g e  p o i n t s  . 
temp. r a r y  a r r a y s  c o n t a i n i n g  i n p u t  upper and lower 

s u r f a c e  smoothed 3 c o o r d i n a t e s  

temporary  a r r a y s  c o n t a i n i n g  i n p u t  uppsr and lower 

s u r f a c e  :"values 

a r r a y  c o n t a i n i n g  dy/dx v a l u e s  f c r  upper s u r f a c e  
- -  

41 



TH 

xc and YC 

- 
X I S  and Y I S  arrays c o n t a i n i n y  x' and y c o o r d i n a t e s  of lower 

surEace  caruberl ine search p o i n t s  

a r r a y  c o n t a i n i n y  v a l u e  o t  slope of c a m b e r l i n e  

arrays c o n t a i n i n y  x and y c o o r d i n a t e s  of 
C C 

TK 

NM 

crlmberl i n e  

a r r a y  c o n t a i n i n g  t h e  ha l f -  t h i c k n e s s  v a l u e s  

number o f  i n t e r p o l a t e d  p o i n t s  allowed OL the lower 

s u r f  ace 

NT numbsr of camber l ine  c m r d i n a t e s  

DU and DL slope of the upper and lower s u r f a c e  search p i n t s  

w i t h  respect to t h e  local c a m b e r l i n e  a x i s  sys t em 

S u b r o u t i n e  INTP 

The f u n c t i o n  of s u b r o u t i n e  INTP is to i n t e r p o l a t e  a d d i t i o n a l  

smoothed a i r f o i l  c o o r d i n a t e s .  This s u b r o u t i n e  is called i f  t h e  u s e r  

s p e c i f i e s  a v a l u e  of 1 or 2 for t h e  parameter INTR read by subrou-  

t i n e  INPUT. I f  t h e  v a l u e  of I N T R  e q u a l s  1, t h e  i n t e r p o l a t i o n  is 

is pefi-rmed a t  a s t a n d a r d  set of 57 % values loaded i n t e r n a l l y  in 

the  s u b r o u t i n e  and d e f i n e d  as follows: 
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- 
01 INTR e q u a l s  2, t b  desired x v a l u e s  are i n p u t  by t h e  

i n c l u d e  up to 100 va .es as specitled by t h e  parameter 

NLNT. The i n t e c p o l a t i o n  is perforiued for t h e  upper and t h e n  t h e  

lower s u t - t a w s  u s i n g  t h e  c u b i c - s p i i n e  e q u a t i o n s  (301 ,  (311, and 

2- -2  
(32). The d e r i v a t i v e s  dy/& and d y/dx and t h e  c u r v a t u r e  are also 

computed and p r i n t e d  for each 2 v a l u e ,  

v a l u e  for t h e  parameter CMEW which is the desired v a l u e  of t h e  

The u s e r  must also i n p u t  a 

chord. 

and p r i n t e d  as x and y c o o r d i n a t e s .  I f  t h e  v a l u e  of the parameter 

IPUNCH e q u a l s  6, t h e  i n t e r p o l a t e d  x and y c o o r d i n a t e s  are v J r i t t e n  

an t h e o u t p u t  f i l e  (TAPE1) f o r  postprocess d i s p o s a l  to a d e s i r e d  

o u t p u t  d e v i c e .  A d e s c r i p t i o n  of t h e  parameters i n  t h e  argument  list 

f o r  t h i s  s u b r o u t i n e  is p r e s e n t e d  i n  t h e  d e s c r i p t i o n  o f  program 

AIRSHO and s u b r o u t i n e  INPUT. 

The 2 and 3 i n t e r p o l a t e d  c o o r d i n a t e s  are m u l t i p l i e d  by CNEW 

S u b r o u t i n e  COORD 

The f u n c t i o n  of s u b r o u t i n e  COORD is to i n t e r p o l a t e  a v a l u e  for 

2- -2  for ;, dF/dI,  d y/dx 

u s i n g  t h e  c u b i c - s p l i n e  e q u a t i o n s  ( 3 0 ) ,  (311, and (32). The 

f o l l o w i n g  s u b r o u t i n e  c o n s t a n t s  are used i n t e r n a l l y :  

T I  i n p u t  8 v a l u e  

, and t h e  c u r v a t u r e  a t  a s p e c i f i e d  v a l u e  of 8 

YI i n t e r p o l a t e d  

DY DX i n t e r p o l a t e d  

DY 2DX i n t e r p o l a t e d  

CURV i n t e r p o l a t e d  

F-coord i n a  t e  

f i r s t  d e r i v a t i v e  & / d i  

2- -2  
second d e r i v a t i v e  d y/dx 

c u r v a t u r e  

4 3  



Of POOR QUALrrV F u n c t i o n  Subprograms SINH and C O W  

The f u n c t i o n  of t h e s e  t w o  f u n c t i o n  subprograirls is to cof6pute 

t h e  h y p e r b o l i c  s i n e  and c o s i n e  i n  terms of t h e  e x p o n e n t i a l  func- 

t i o n .  The r e l a t i o n s h i p s  are 

X - X  
e - e  

2 s i n h ( x )  = 

X -X  e + e  
2 and c o s h ( x )  = I 

respect i v e l y  . 
P r o y r a l n  SCALE 

The pr imary  f u n c t i o n  of program SCALE is to read t h e  i n p u t  data 

and c o n t r o l  t h e  e x e c u t i o n  of the a i r f o i l  s c a l i n g  p r o c e s s .  The caw 

ber and t h i c k n e s s  d i s t r i b u t i o n  d a t a  i n p u t  to t h i s  program are gene r -  

ated by t h e  s u b r o u t i n e  CWTK i n  t h e  a i r f o i l  s u m t h i n g  program 

AFSMO. A f t e r  s p e c i f y i n g  and computing s e v e r a l  global p ~ q f u  

c o n s t a n t s ,  t he  f i r s t  e x e c u t i o n  s tep  is to read t h e  i n p u t  data. A 

detailed d e s c r i p t i o n  of  t h e  i n p u t  d a t a  and t h e  r e q u i r e d  f o r m a t s  are 

d i s c u s s e d  i n  t h e  user -guide  p r e s e n t e d  i n  Ap-pendix E. A f t e r  r e a d i n g  

the i n p u t  data, ca l l s  are made to s u b r o u t i n e s  PSEUDO and LEKOY to 

i n i t i a l i z e  t h e  p l o t  v e c t o r  f i l e  SAVPLT f o r  s u o s e q u e n t  postprocess 

p l o t t i n g  on a v a r i e t y  of p l o t t e r s  a t  LanyIey. 

d i n a t e s  of t h e  i n p u t  camberline are t h e n  checked td i n s u r e  iuono- 

t o n i c a l l y  i n c r e a s i n g  o r d e r .  The e q u i v a l e n t  0 v a l u e  for e a c h  carober- 

line xc c o o r d i n a t e  is t h e n  computed. 

The i n p u t  xc Cwc- 

The n e x t  e x e c u t i o n  s t e p  is to compute t h e  xc l o c a t i o n  and the  

magci tude  o f  t h e  maximum v a l u e  of t h e  i n p u t  h a l t - t h i c k n e s s  d i s t r i b u -  

t i o n .  A c u b i c  s p l i n e  is f i t  t h rough  t h e  i n p u t  t h i c k n e s s  data and 

t h e n  all l o c a t i o n s  and c o r r e s p o n d i n g  t h i c k n e s s  v a l u e s  where the 

f i r s t  d e r i v a t i v e  of t h e  s p l i n e  f u n c t i o n  e q u a l s  z e r o  are computed 
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u s i n g  e q u a t i o n s  ( 5 1 )  and ( 5 2 ) .  The l o c a t i o n  of t h e  maximum v a l u e  is 

t h e n  de te rmined  and p r i n t e d  on t h e  o u t p u t  f i l e .  I f  t h e  v a l u e  of t h e  

i n p a t  parameter IOP e q u a l s  1, t h e  slope of t h e  c a m b e r l i n e  c o o r d i -  

n a t e s  arc t h e n  computed us ing  s p l i n e  e q u a t i o n  ( 3 1 ) .  The a n g u l a r  

v a l u e  of  t h e  slope is t h e n  o b t a i n e d  by computing the  a r c t a n g e n t  of  

t he  v a l u e  of  t h e  f i r s t  d e r i v a t i v e .  

The n e x t  step is to ca l l  t h e  s c a l i n g  s u b r o u t i n e  SCTK to gene r -  

a t e  f i r s t  t h e  c o o r d i n a t e s  of t h e  a i r f o i l  w i t h  the i n p u t  maximum 

t h i c k n e s s - c h o r d  ratio and t h e n  t h e  c o o r d i n a t e s  of  the a i r f a i l  w i t h  

each of t h e  desired scaled maximum t h i c k n e s s - c h o r d  ratios.  The 

f i n a l  e x e c u t i o n  s tep  is to ca l l  s u b r o u t i n e  CALPLT to f i n a l i z e  t h e  

p l o t - v e c t o r  f i l e  SAVPLT. 

The f o l l o w i n g  a r r a y s  must be dimens ioned  and c o n s t a n t s  d e f i n e d  

in t k i s  program: 

XC and YC a r r a y s  c o n t a i n i n g  i n p u t  xc and yc c o o r d i n a t e s  of  

t h e  camber1 i n e  

TK a r r a y  c o n t a i n i n g  i n p u t  h a l f - t h i c k n e s s  d i s t r i b u t i o n  

t/C/2 

TH a r r a y  c o n t a i n i n g  i n p u t  cambe) l i n e  slopes 0 

THETA a r r a y  c o n t a i n i n g  computed 9 v a l u e s  

YPP a r r a y  c o n t a i n i n g  comput.ed second d e r i v a t i v e s  

TKNEW 

TITLE 

VAR and WK 

JWRITE 

a r r a y  C o n t a i n i n g  i n p u t  v a l u e s  of d e s i r e d  maximum 

t h i c k n e s s - c h o r d  ra t ios  

80-column t i t l e  f o r  i n p u t  case 

work a r r a y s  

number of tape or f i l e  c o n t a i n i n g  o u t p u t  data 
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JREAD 

NTMAX 

PI 

RAD 

CONS 

NT 

IOP 

I PLOT 

IPUNCH 

LT 

TKMAX 

DELTA 

IEHR 

number of tape or f i l e  c o n t a i n i n g  i n p u t  data 

maximum number of  allowable e l e m e n t s  i n  TKNEW 

a r r a y  

v a l u e  of T 

v a l u e  of c n e  r a d i a n  180,’~ 

v a l u e  o f  c o n s t a n t  K d e f i n e d  by e q u a t i o n  ( 4 )  

numDer o f  e l e m e n t s  i n  XC, YC, TK, and TH a r r a y s  

c a m b e r l i n e  slope o p t i o n  

p l o t t i n g  o p t i o n  

punch o u t p u t  o p t i o n  

number of desired i n p u t  maxiinm t h i c k n e s s  v a l u e s  

v a l u e  of  t h e  maximum t h i c k n e s s - c h o r d  ratio of t h e  

i n p u t  t h i c k n e s s  d is tr i b u  t i o n  

X C  

i f  nonzero ,  error o c c u r r e d  d u r i n g  y e n e r a t i o n  of 

scaled a i r fo i l  i n  s u b r o u t i n e  SCTK 

l o c a t i o n  of TKMAX 

S u b r o u t i n e  SCTK 

The f u n c t i o n  of  s u b r o u t i n e  SCTK is to scale t h e  c o o r d i n a t e s  of 

a n  i n p u t  a i r f o i l  from t h e  i n p u t  maximum t h i c k n e s s - c h o r d  ratio to a 

new desired maximum th i ckness -chord  ratio.  The f i r s t  e x e c u t i o n  s tep  

is to y e n e r a t e  t h e  c o o r d i n a t e s  of t h e  b a s e l i n e  a i r f o i l  by combining 

t h e  i n p u t  camber and t h e  scaled t h i c k n e s s  d i s t r i b u t i o n s  u s i n g  

e q u a t i o n  (33)  and ( 3 4 )  for t h e  upper  s u r f a c e  and e q u a t i o n s  (35) and 

(36) f o r  t h e  lower s u r f a c e .  Each scaled t h i c k n e s s  d i s t r i b u t i o n  is 

o b t a i n e d  by m u l t i p l y i n g  t n e  i n p u t  t h i c k n e s s  d i s t r i b u t i o n  by t h e  

ra t io  of t h e  d e s i r e d - t o - i n p u t  naximum t h i c k n e s s - c h o r d  ratio.  T h i s  

p r o c e d u r e  is simple; however, s e v e r a l  problems may o c c u r  which 

r e q u i r e  special hand l ing .  
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I f  t h e  v a l u e  of  t he  i n p u t  camber d i s t r i b u t i o n  is nonzero i n  t h e  

t r a i l i n q - e d g e  r e g i o n ,  t h e  a i r f o i l  g e n e r a t e d  may n o t  have e i t h e r  an  

upper  or lower s u r f a c e  c o o r d i n a t e  a t  t h e  t r a i l i n g - e d g e  l o c a t i o n  

where x' e q u a l s  1.0. To e l i m i n a t e  t h i s  problem, a second-order  poly-  

nomial is f i t  to t h e  l as t  three computed c o o r d i n a t e s  n e a r  t h e  t rail-  

ing  edqe on each sc- i face  and a new c o o r d i n a t e  e i t h e r  e x t r a p o l a t e d  

or i n t e r p o l a t e d  a t  E e q u a l s  1.0. Also, i f  the  camber d i s t r i b u t i o n  

is nonzero i n  t h e  nose r e g i o n ,  t h e  a i r f o i l  g e n e r a t e d  may have Z 

c o o r d i n a t e s  t h a t  are less t h a n  0.0. T h i s  problem is e l i m i n a t e d  bh 

t r a n s l a t i n g  and s t r e t c h i n g  or s h r i n k i n g  t h e  c o o r d i n a t e s  of t h e  a i r -  

f o i l  so t h a t  t h e  nose of  t h e  adjusted a i r fo i l  is a t  Z equals 0.0 and 

t h e  t r a i l i n g  edge a t  x' e q u a l s  1.0. The only other problem t h a t  may 

occur is t h e  possible g e n e r a t i o n  of  e i ther  upper  or lower s u r f a c e  Z 

c o o r d i n a t e s  t h a t  are n o t  mono ton ica l ly  i n c r e a s i n g  from nose  to  
* 

t r a i l i n g  edge. T h i s  particular problem canno t  be e l i m i n a t e d ;  there- 

fore, a check is made t o  see i f  it o c c u r r e d  and,  i f  so, an error 

message is p r i n t e d ,  an error f l a g  s e t ,  and e x e c u t i o n  r e t u r n e d  to 

program SCALE . 
The upper  and lower s u r f a c e  x' and f c o o r d i n a t e s  are m u l t i p l i e d  

by t h e  v a l u e  of the  parameter  CNEW and t h e n  loaded i n t o  separate 

a r r a y s  from t h e  nose to t h e  t r a i l i n g  edge. The c o o r d i n a t e s ,  i n p u t  

camber d i s t r i b u t i o n ,  and s c a l e d  t h i c k n e s s  d i s t r i b u t i o n s  are ther. 

p r i n t e d .  I f  t h e  IPUNCH parameter is nonzero ,  t h e  s c a l e d  a i r f o i l  

c o o r d i n a t e s  are t h e n  w r i t t e n  on t h e  o u t p u t  f i l e  TAPE1 i n  a fo rma t  

su i t ab le  f o r  i n p u t  t o  t h e  sinoothing program. I f  t h e  IPLOT pa rame te r  

is nonzero ,  t h e  n e x t  and f i n a l  e x e c u t i o n  s tep  is to  p l o t  t h e  s c a l e d  

a i r f o i l  and its co r re spond ing  camber and t h i c k n e s s  d i s t r i b u t i o n s  as 

i l l u s t r a t e d  i n  f i g u r e  7 .  A d e s c r i p t i o n  of t h e  p a r a m e t e r s  i n  t h e  
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argument  list for t h i s  s u b r o u t i n e  is p r e s e n t e d  i n  t h e  d e s c r i p t i o n  of 

program SCALE. 

S u b r o u t i n e  CUBSPL 

The f u n c t i o n  of s u b r o u t i n e  CUBSPL is to f i t  a cubic s p l i n e  

t h r o u g h  a n  i n p u t  set of x and y v a l u e s .  The i n p u t  data are used to 

compute a m a t r i x  of s i m u l t a n e o u s  e q u a t i o n s  u s i n g  t h e  cubic s p l i n e  

e q u a t i o n  (29)  w i t h  t h e  unknowns b e i n g  the second d e r i v a t i v e s  a t  each 

i n p u t  p o i n t .  T h i s  t r i d i a g o n a l  m a t r i x  has t w o  less e q u a t i o n s  t h a n  

unknowns; therefore, t h e  second d e r i v a t i v e  a t  end p o i n t s  of the data 

set must be s p e c i f i e d .  I n  t h i s  s u b r o u t i n e  second d e r i v a t i v e s  a t  t h e  

end p o i n t s  are computed by f i t t i n g  a second-o rde r  po lynomia l  of the 

form 

y = ax2  + bx + c ( 6 0 )  

to each end p o i n t  and its two a d l a c e n t  p o i n t s  and t h e n  d i f f e r e n t i a t -  

i n g  to d e t e r m i n e  the  second d e r i v a t i v e  which is 

d2y/dx2 = 2a ( 6 1 )  

The Crou t  r e d u c t i o n  method, which is d i s c u s s e d  i n  t h e  d e s c r i p t i o n  of 

s u b r o u t i n e  I N W ,  is used to s o l v e  t h e  m a t r i x  for the  r ema in ing  

second d e r i v a t i v e .  The t r i d i a g o n a l  m a t r i x  terms are 

ei = hi,1/6 

f i  = hi/6 
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and 

The f o l l o w i n g  parameters are used i n  t h i s  s u b r o u t i n e :  

X and Y a r r a y  c o n t a i n i n g  i n p u t  x and y v a l u e s  

Y PP 

N 

A 

a r r a y  c o n t a i n i n g  computed second d e r i v a t i v e s  

d2y/dx2 

number of e l e m e n t s  i n  X Y, and YPP a r r a y s  

work a r r a y  dimensioned by 2 times I1 i n  t h e  c a l l i n g  

program 

DISCUSSION OF PROGRAM APPLICATION AND RESULTS 

The a i r fo i l  smoothing program was fo rmula t ed  to smooth t h e  

c o o r d i n a t e s  of a i r f o i l - t y p e  c o n t o u r s  which are c h a r a c t e r i s t i c a l l y  

round i n  t h e  f r o n t  and s h a r p  or b l u n t  i n  t h e  rear. S e v e r a l  u s e r s  i n  

t h e  past  have attempted to  use  t h i s  program to smooth n o n a i r f o i l  

shapes such  as i n t e r n a l  c o n t o u r s  of e n g i n e  n a c e l l e s  or wind tun- 

n e l s .  These attempts have been g e n e r a l l y  u n s u c c e s s f u l  because  o f  

t he  e f fec ts  of t h e  8 - t r z n s f o r m a t i o n  f u n c t i o n  which was fo rmgla t ed  to 

stretch t h e  x-axis  i n  t h e  l ead ing -  and t r h i l i n g - e d g e  r e g i o n s .  The 

smoothing program can  be used s u c c e s s f u l l y  to smooth c o n a i r f o i l  

c o n t o u r s  by r e d e f i n i n g  t h e  8 - t r a n s f o r m a t i o n  f u n c t i o n  as  
- 

e = +_nx (63) 

and making t h e  appropriate changes  i n  t h e  computer  code. 

An a i r f o i l  c o n t o u r  may be i n p u t  i n t o  t h e  smoothing program i n  

s e v e r a l  forms. The most wide ly  used form is, of  c o u r s e ,  as x and y 

c o o r d i n a t e s  (IOP = 0 )  which have been o b t a i n e d  from actual measure- 

ments of  an e x i s t i n g  a i r f o i l  or from theoretical computa t ions .  
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R e g a r d l e s s  of the source of  t h e  c o o r d i n a t e s ,  t h e  u s e r  shou ld  s t r i v e  

to i n p u t  a p r o p o r t i o n L l l y  l a r g e r  number of c o o r d i n a t e s  i n  r e g i o n s  of 

h i g h e r  c u r v a t u r e  which is g e n e r a l l y  t h e  nose  r e g i o n  f o r  most air- 

f o i l s .  The u s e r  may i n p u t  as many as 100 c o o r d i n a t e s  f o r  each  a i r -  

f o i l  s u r f a c e ;  however, it is recommended t h a t  no more t h a n  35 to  40 

c o o r d i n a t e s  be i n p u t  f o r  each  s u r f a c e  because ,  i n  g e n e r a l ,  t h e  more 

dense  t h e  c o o r d i n a t e  s p a c i n g  t h e  more restricted t h e  smoothing pro- 

cess w i l l  become. If t h e  u s e r  d e s i r e s  to  l i m i t  t h e  e x t e n t  of  

smoothing i n  a particular r e g i o n ,  it is s u g g e s t e d  t h a t  a few high\;! 

weighted c o o r d i n a t e s  be i n p u t  rather t h a n  a l a r g e  number of c l o s e l y  

spaced  coord inates . 
The q u e s t i o n  o f t e n  arises as to t h e  number of smoothing itera- 

t i o n s  ( I T E R  parameter) t h e  u s e r  shou ld  s p e c i f y .  It is recommended 

t h a t  zero i t e r a t i o n s  te s p e c i f i e d  f o r  t h e  i n i t i a l  run  of  a new air- 

f o i l  case. The plots  g e n e r a t e d  d u r i n g  t h e  i n i t i a l  run  can  t h e n  be 

examined to e s t a b l i s h  t h e  i n i t i a l  smoothness  of t h e  a i r f o i l ,  t h e  

s u i t a b i l i t y  of t h e  i n p u t  x -coord ina te  s p a c i n g ,  and t h e  possible 

e x i s t e n c e  of  bad i n p u t  y c o o r d i n a t e s .  During a l l  subsequen t  r u n s ,  

it i recommended t h a t  t h e  maximum of  300 i t e r a t i o n s  be s p e c i f i e d .  

The convergence cr i ter ia  f o r  t h i s  smoothing program is rather s t r i n -  

g e n t :  however, t h e  smoothing p r o c e s s  should  converge  or be n e a r  

convergence i n  less than  100 i t e r a t i o n s  f o r  most a i r f o i l s .  I f  t h e  

p r o c e s s  has  n o t  conveyed i n  300 i t e r a t i o n s ,  t h e  r e s u l t a f i t  coo rd i -  

n a t e s  can  be w r i t t e n  o n  t h e  o u t p u t  f i l e  TAPE1 i n  t h e  form of e i t h e r  

x and y c o o r d i n a t e s  or 8 and v a l u e s  and t h e n  i n p u t  a g a i n  i n t o  t h e  

smoothing program f o r  a n o t h e r  300 i t e r a t i o n s .  I f ,  d u r i n g  t h e  i n i -  

t i a l  smoothing attempt, t h e  p r o c e s s  b e g i n s  to  osci l la te ,  it is sug- 

g e s t e d  t h a t  fewer  c o o r d i n a t e s  be s e l e c t e d  i n  t h e  r e g i o n  where t h e  

50 



OR~G~NAL PAGE 13 
OF POOR QUALITY 

o s c i l l a t i o n  o c c u r s  and the  case be r e s u b m i t t e d .  The osci l la tory 

r e g i o n  can  be located by s e t t i n g  t h e  IPRINT parameter i n  program 

AIRSMO e q u a l  to 0 which w i l l  g e n e r a t e  a summary p r i n t  of t h e  com- 

puted  second d e r i v a t i v e s  for  each i t e r a t i o n .  

The a i r f o i l  c o n t o u r  may also be i n p u t  i n  t h e  form of coordi- 

n a t e s  and the co r re spond ing  0-values  (IOP = 2 )  . T h i s  form is o f t e n  

used to r e s u b m i t  a set  of c o o r d i n a t e s  t h a t  r e q u i r e d  a d j u s t m e n t  due  

to either bad or poor ly  d e f i n e d  nose  p c o o r d i n a t e s  t h a t  are o f t e n  

r e v e a l e d  d u r i n g  t h e  i n i t i a l  run  of a new a i r f o i l .  The s t r e t c h i n g  

effect  of t h e  0 - t r ans fo rma t ion  f u n c t i o n  w i l l  h i g h l i g h t  any coordi- 

n a t e  d i s c r e p a n c i e s  i n  t he  nose r e g i o n  o f  t h e  a i r fo i l .  

Two a d d i t i o n a l  i n p u t  forms are a v a i l a b l e  to  modify or smooth a n  

a i r f o i l  c o n t o u r  and are less direct  t h a n  t h e  p r e v i o u s  two forms 

d i s c u s s e d .  The two a d d i t i o n a l  i n p u t  forms c o n s i s t s  02 i n p u t t i n g  t h e  

f i r s t  y'  ( I O P  = 3) or second 3" ( I O P  = 4 )  d e r i v a t i v e s  as a f u n c t i o n  

of t h e  + t r a n s f o r m a t i o n  va lue .  The c o r r e s p o n d i n g  y' c o o r d i n a t e s  are 

o b t a i n e d  by s o l v i n g  a t r i d i a g o n a l  m a t r i x  of s i m u l t a n e o u s  c u b i c  

s p l i n e  e q u a t i o n s ;  therefore, local changes  i n  t h e  i n p u t  d e r i v a t i v e s  

have a less localized and more g l o b a l  e f f e c t  i n  t h e  computed f 
c o o r d i n a t e s .  Great care shou ld  be exercised when u s i n g  either o f  

these t w o  i n p u t  forms: e s p e c i a l l y  t h e  second d e r i v a t i v e ,  because  

seemly small changes  i n  t h e  d e r i v a t i v e s  w i l l  v e r y  o f t e n  r e s u l t  i n  

r a t h e r  l a r g e  changes  i n  t h e  coordinates. I n  s p i t e  of i ts  s e n s i -  

t i v i t y ,  t h e s e  two i n p u t  forms p r o v i d e  a v e r y  e a s y  and direct  method 

to  reduce  or e l i m i n a t e  waviness  i n  t h e  c u r v a t u r e  of  t h e  f i n a l  

smoothed a i r f o i l .  

The a i r f o i l  smoothing program has been used e x t e n s i v e l y  a t  

Langley f o r  t h e  past s e v e r a l  y e a r s  and h a s  worked s u c c e s s f u l l y  for  a 
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wide range  o f  a i r f o i l  shapes .  A comparison between tire unsmoothed 

and smoothed f i r s t  and second d e r i v a t i v e s  f o r  a t y p i c a l  a i r f o i l  is 

p r e s e n t e d  i n  f i g u r e  8. The co r re spond ing  changes  i n  t h e  c o o r d i -  

nate are ve ry  small and are n o t  d i s t i n g u i s h a b l e  on a page-s ize  p lo t  

o f  t h e  a i r f o i l  con tour s .  As i l l u s t r a t e d  i n  f i g u r e  9,  t h e  improve- 

ment  i n  t h e  smoothness of t h e  c u r v a t u r e  d i s t r i b u t i o n  is e x c e l l e n t .  

Only two problems have o c c u r r e d  p e r s i s t e n t l y  d u r i n g  t h e  past  

s e v e r a l  y e a r s  of program u t i l i z a t i o n .  The f i r s t  problem occurs when 

a t t e m p t i n g  to smooth a i r f o i l s  w i t h  ve ry  s h a r p  or z e r o - t h i c k n e s s  

t r a i l i n g  edges.  Although t h e  t r a i l i n g - e d g e  c o o r d i p a t e s  are h e a v i l y  

weighted ,  t h e  smoothing p r o c e s s  w i l l  o f i e n  resul t  i n  a small s h i f t  

i n  t h e  upper and lower s u r f a c e  t r a i l i n g - e d g e  c o o r d i n a t e s .  Many 

times t h e  s h i f t  w i l l  be i n  t h e  o p p o s i t e  d i r ec t ion  and a n e g a t i v e  

t r a i l i n g - e d g e  t h i c k n e s s  w i l l  occur. As p r e v i o u s l y  d i s c u s s e d ,  t h e  

program checks  f o r  n e g a t i v e  t h i c k n e s s  and,  if d e t e c t e d ,  w i l l  p r i n t  

an  error message and proceed to t h e  n e x t  i n p u t  case. The most 

p r a c t i c a l  s o l u t i o n  to + h i s  problem is s imply  to  t e r m i n a t e  t h e  i n p u t  

c o o r d i n a t e s  v e r y  nea r  -ne t r a i l i n g  edge a t  a p o i n t  wi th  small f i n i t e  

t h i c k n e s s .  The second problem, as noted  i n  the method section of  

t h i s  r e p o r t ,  is a d i f f i c u l t y  i n  l o c a t i n g  t h e  f i r s t  few camberline 

c o o r d i n a t e s  of  an  a i r f o i l  w i t h  a r e f l e x e d  (upward-turned)  camber l ine  

n e a r  t h e  t r a i l i n g  edge. Th i s  problem can  g e n e r a l l y  be overcome by 

s imply  r e v e r s i n g  t h e  i n p u t  order of t h e  c o o r d i n a t e s  so t h a t  lower 

s u r f a c e  c o o r d i n a t e s  are i n p u t  f i r s t ,  fo l lowed by t h e  upper s u r f a c e  

c o o r d i n a t e s .  T h i s  w i l l  n o t  a f f e c t  t h e  smoothing p r o c e s s ,  b u t  w i l l  

c ause  t h e  camber1 i n e  search p rocedure  to r e v e r s e  s u r f a c e s .  
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CONCLUDING REMARKS 

The a i r fo i l  computer programs AFSMO and AFSCL described i n  

this r e p o r t  have been  used  s u c c e s s f u l l y  a t  Langley for  s e v e r a l  

years to smooth and scale a wide variety of a i r fo i l  s h a p e s  gen- 

erated by v a r i o u s  theoretical methods o r  measured from e x i s t i n g  

a i r fo i l  models and wing p a n e l s .  The smoothing p r o c e s s  is  v e r y  

stable and g e n e r a l l y  conve rges  i n  less t h a n  a hundred i t e r a t i o n s .  

The smoothing I'ragram u s e r - s u p p l i e d  i n p u t  r e q u i r e m e n t s  are v e r y  

simple and c o n s i s t  o f  b a s i c a l l y  s p e c i f y i n g  t h e  t i t l e ,  i n p u t / o u t p u t  

o p t i o n s ,  and the  upper  and lower s u r f a c e  c o o r d i n a t e s .  The camber- 

l i n e  search procedure  i n  the smoothing program g e n e r a t e s  t h e  

basic camber and t h i c k n e s s  d i s t r i b u t i o n  data needed as i n p u t  to  

the s c a l i n g  program. 

the s c a l i n g  program are a t i t l e ,  i n p u t / o u t p u t  o p t i o n ,  and  t h e  

number of and  the  v a l u e s  for t n e  desired maximum t h i c k n e s s - c h o r d  

ratios. 

The o n l y  a d d i t i o n a l  u s e r - s u p p l i e d  i n p u t  for 

The o u t p u t  p l o t s  g e n e r a t e d  by the  smoothing program are v e r y  

h e l p f u l  d u r i n g  the  a n a l y s i s  and p o s s i b l e  m o d i f i c a t i c n  of the  

smoothed a i r f o i l .  A f t e r  several y e a r s  of e x t e n s i v e  u s e  by Langley 

pe r sonneL  no a p p r e c i a b l e  e x e c u t i o n  errors have  o c c u r r e d  or a i r f o i l  

shape  l i m i t a t i o n s  been  r e v e a l e d .  The u s e  of t h e  AFSMO program t o  

smooth n o n a i r f o i l  s h a p e s  s h u u l d  n o t  be a t t e m p t e d  w i t h o u t  r e d e f i n i -  

t i o n  of the x - a x i s  t r a n s f o r m a t i o n  f u n c t i o n .  Both programs were 

coded for u s e  on the Langley CDC CYBER computers .  

sys t em software is needed t o  e x e c u t e  either pzogram and all 

r e q u i r e d  s u b r o u t i n e s  are l isted i n  this r e p o r t  e x c e p t  for s e v e r a l  

basic CALCOMP p l o t t i n g  s u b r o u t i n e s  which are un ique  t o  t h e  Langley 

No s p e c i a l i z e d  
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computers. Both programs have been s u c c e s s f u l l y  converted for 

use on o t h e r  computer systems; kowever, double -prec i s ion  accuracy 

w e s  necessary  for the  convers ion  of t h e  smoothing program because  

of its very s t r i n g e n t  convergence criteria. 
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APPENDIX A 

COMPUTER LISTING OF AIRFOIL SMOOTHING PROGRAM AFSMO 

T h i s  appendix c o n t a i n s  d computer l i s t i n g  of the  a ir fo i l  

smoottziilg program AFSMO which c o n s i s t s  of a main program, f i f t e e n  

ubrout i n e s  , and t w o  f u n c t i o n  subprograms. 
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L I S T I N 6  OF D € W t  A I R S q O  PA6E 1 

CARn NO. 

1 
C 
C 
C 

5 C 
C 
C 
C 

Id  

15 

20 

2s 

30 

35 

4 0  

C 

C 

C 

C 
C 
c 

C 
C 
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C b I D  NO. 

41 

45 

90 

59 

60 

65 

70 

15 

RO 

C 
1 

C 
C 
C 
2 

C 
C 
C 

C 
C 
C 
C 
C 

C 

C 

C 
C 
C 
3 
C 
6 

C 
C 
C 

PAGE 2 

C 4L L PL 01 AF ( THE T I  p Y r Y S M  r Y PS B Y  PPS r NPe T 1 TLF e !PLOT) 

I F  ~ I ~ L O T . E O ~ 5 o O R ~ I P L O f . E 0 . 1 )  60 TO 4 
I F  ~ I P L O T ~ L O e ~ . O ~ o I P L O T . E 0 ~ 7 1  60 TO 3 
I F  (IPLOToEOo10) 60 TO 3 
GO TO 4 

PLOT SHOOTHED CURVATWE VERSUS THETA 

CALL PLOTCK ( ~ H E ~ A e Y S R O r Y P S ~ Y P P S 1 N P I T r f L E )  

AS 
A S  
AS 
A S  
AS 
AS 
AS 
A S  
AS 
AS 
A S  
AS 

63 
64 
65 
66 
67 

' 68 
69 
70 
71 
72 

1 73 
74 
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LISTIN6 O f  OECR a bIRCU3 PA6E 3 

CbRD NO. 

01 
C 
C 
C 

?5 

C 
C 
C 

9Q 

1NC Hs T I T  LE 1 AS 0 1  
AS 82 

INTERPOLATE NEY C00RDINATEf AS 83 
AS 04 

I F  (INTRo6ToO) CALL INTP ~ T H L ~ A ~ X ~ Y S ~ O ~ Y P P S ~ N ~ I W O S E I C H ~ D ~ T I T L E ~ N ~  AS 85 
1NTrXINTrCNEY~INTR~IPUNCM) AS 86 

hS 87 
R€TUPE AN0 READ NEXT CASE AS 86 

AS 09 
60 TO 1 AS 90 

C 
t FINALIZE PLOTTING D E V I C E  
C 
5 CbLL CALPLT (0 .80 .8999)  

95 YRITE tWRITE.6) 
END FILE i 
REVIN0 1 
%TOP 

C 
100 b FORMAT t l H l t I I I 4 8 X 1 3 8 H ~  THE LAST CASE HAS BEEN PROCESSED -1 

END 

AS 91 
AS 92 
A S  93 
A S  94  
AS 95 
AS 96 
AS 97 
AS 96 
AS 99 
A S  100 
AS 101- 
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LISTTNG TJF DECK8 INTER PA6E 1 

CARD NO. 

1 
C 
C 
C 

5 C 
C 
C 

20 

25 

30 

33 

C 
c 
C 
C 
C 

C 

C 

C 
t 
C 
C 
C 

1 
2 

3 

4 0  

SUBROUTINE INTER f X f N f , Y I N ~ ~ N ~ X ~ Y , J S T A ~ T s  JEUOpfCD) 

XNTEPPOLATION ROUTINE 

I P  1 
I P  2 
I P  3 
I P  4 

ROUTINE SOURCE - NORTH AUERICAN ROCKVELL L e  A *  O I V f f I O N  1973 I P  5 
I P  6 

IC000 YEI6HTING WEfH[ID USED 
I C D - 1  LINEAR INTERPOLATION 

DfRENfIOY XIN), YtN)  

CHECK TO S€E I F  X INT I f  OUTSIDE BOUNDS OF I-ARRAY 

I P  7 
I P  8 
I P  9 
I P  10 
I P  11 
I P  12 
I P  13 

J END= JS ThR 1 19 1I 
TF tJ3TbRT.EO.N) 60 TO 12 I P  15 

CHECK TO S € E  I F  X ARRAY IS INCREASIWC OR DECWASIN6 I P  16 
SGN.1 I P  17 
I F  t XtN 1 .Ll .X t JSTART) I S6N*01. I P  16 
D l o S G N *  t X INT-XtN 1 ) I P  19 
I F  t C l e 6 E a O a O )  60 TO 1 2  I P  20 
bl=SGN*~XINT-X(JSTART) ) I P  2 1  
I F  t D l . L E . O * O )  60 TO 1 3  I P  22 
I F  t I C D * E Q e l )  60 TO 14 I P  23 
WEIGHTIN6 PETHOD REOUIRES AT LEAST 4 VALWS I N  X AND Y ARRAYS I P  24 
IC tNaLf .4 )  GO T O  14 I P  25 

f P  26 
YFICHTINC METHOD I P  27 

I P  28 

I P  30 
00 I 1- JSTARTpN I P  3 1  

1) 32 J=L 
Dl=SGN* t X t J  ) -XINT) I P  33 
SF (01) l r 2 ~ 3  I P  3s 
JENb=J I P  35 

f P  36 YfNT=Y t f )  
RETURN I P  37 
IF tJ.LE.2) GO TO 5 I P  38 
TF tJmE0.N) GO TO 4 I P  39 
5513  10 IG 

DETERRINE X-ARRAY INDICES FOR TWO POTYYS FORNARD 1 ~ ~ 1 )  &NO TYO IP 29 
POINTS AFT t R r R 1  OF XINT 
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C A R 0  NO. 

41 
4 

45 5 

b 

60 

65 

70 

75 

eo 

C 
C 

C 
C 

C 
C 

I P  41 
XP 42 
I P  +3 
I P  44 
I P  c5 
I P  46 
I P  47 
I P  48 
1 P  49 
I P  50 
10 51  
I f  52 
I P  53 
I P  5* 
I P  s5 
I P  56 
I P  57 
I P  58 
I C  59 
10 60 
I P  61 
I P  62 
I P  63 
I P  64 
I P  65 
I P  66 
I P  67 
I P  68 
I P  69 
I P  70 
I P  71 

I P  73 
I P  74 
I P  75 
I P  76 
I P  77 
I P  78 
I P  79 
I P  80 

IP 12 
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L I S T T W G  O f  DECK: INTER 

CLRD NO. 

6 1  

10 

e3  C 
11 

C 

QO 
1 2  

1 3  

C 
C 
C 
1 4  

95 

LOO 

1 5  
16 

10 5 

EEV2*ABSfYP2-YSL) 
I F  f@fWl+DEV2)  1 0 , l O r l l  
Y I NT=YSL 
RCTUPN 

CORPUTE Y€IGHTING FACTORS 
Yt2~fbEYl*D~/~DEVl+D+fl.O-D~*DEV2) 
Y T l ~ l . O - Y T Z  

Y I N T = Y l 2 * Y P 2 + Y f l * Y P 1  
R E  TUPN 
V I N l = Y f  N) 
JEhb-N 
R E  TURN 
V I N l = Y f  JSTART) 
RETUFN 

LINEIS INTERPOLATION H€THOD 

00 15 L=JSTARTPN 
J=L 
O l ~ S G N * f X ( J J - X I N T J  
I F  (01) 15.2916 
JEND=J 
Y I N T ~ ~ ~ J - l ) + ( Y f J ) - Y f J - L ) ) * ( Y f W t - X I N ~ - X ~ J ~ l ~ ~ / f ~ f J ? ~ X f J ~ ~ J ~  
RETURN 
END 

COMPUTE FINAL YINT 

PAGE 3 

I P  e 1  
I P  82 
I P  83 
I P  84 
I P  85 
I P  86 
I P  87 
I P  88 
I P  89 
I P  90 
IP 91 
IP 92 
I P  93 
I P  94 
I C  95 
IP 96 
I P  97 
I P  98 
I P  99 
I P  100 
IP 101 
I P  102 
I P  103 
I C  101 
IP 105 
I P  106- 
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C A R 0  PO. 

P46E 

1 SU@ROVTIKE INPUT t T I T L E r I T € R r  IPLOTI ~ P U N C H I I O ~ ~ I C A W T K ~ I N T R ~ Y L T E  rYNO I U  
~ S E I Y U ~ E ~ W I N T ~ X I N T ~ C N E U ~ N P ~ X ~ Y ~ U ~ T H E T A ~ ~ ~ S ~ Y P ~ S ~ N O S E ~ ~ H O R D ~ I E R R ~  I U  

C 
C POUTINF T O  READ INPUT CATA FOR A IRFOIL  SROlrfHING PROGRAR 

S C 
C CODED 9 Y  -- HARRY NORGAN NASAILARCITADlAAS 1982 
C 
~****.*****~L+*~.*****~**~*******~*~*******O**************************** 
c* * 

10 C* DESCRIPTION OF INPUT CARDS FOR fw”’3THINC PROGRAM 
C *  
C *  CLRD NUWER DESCRIPTICN 
C +  

XU 
I U  
I U  
I U  
xu 
xu 
I U  
I U  
I U  
I U  
I U  

C *  2 F O R W A T ( 8 C l O * O )  
C *  TTFR - N4XIHUM NUR6ER OF SMOOTHIWG f fERATIO#S 

C*  0 - NO PLOT5 
C *  1 - PLOT SMOOTHED AND UNSWOTHED V I C ,  SMOOTHED 
C*  YPSI AND SROOTHED YPPS V S  TYETA 
C*  2 - PLOT SUOOTHED AND UNSWOOTHED V I C  VS X / C  

25 C *  3 - PLOT SMOOTHED CURVITURE VS THETA 
C* 4 - PLOT CAMBER AND TYICKNFSS OISTRIBUTION 
C *  5 - PLOT OPTIONS 1 AN0 2 
C *  6 - PLOT OPTIONS 1 AN0 3 
C *  7 - PLOT OPTIONS 19 2 9  AND 3 

30 C *  8 - PLOT OPTIONS 1 ANn 4 
C*  P - PLOT OPTIONS lr 29 AN0 4 
C+ 10 - PLOT OPTIONS l r  2, 3. LND 4 
C*  IPUNCH - PUNCH OUTPlT OPTION 
C *  0 - NO PUNCb‘ED OUTPUT 

C *  2 - SPOOTHED (THETArYIC,V) PUNCHED 
C* 3 - SROOTHED (THETA,vDqeY) PUNCHED ( Y L T E r  
C* YNOSE, AND YUTE ALSO PUYCHEn) 
C *  4 - SMOOTHED (THETA,VPPSIU) DUNCHED (YLTEI 
C *  YNOSEs AND YUTE ALSO PUNCHED) 

20 C *  IPLOT - PLOTTIN6 OPTION 

35 C*  1 - SMOOTHE5 ( X r Y s Y )  PllhCHED 

40 

1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

I U  18 
I U  19 
I U  20 * I U  21 * I U  22 
I U  23 
I U  24 * I U  25 * I U  26 
I U  27 
I U  28 

1: I U  29 
I U  30 
I U  31 
I U  32 * I U  33 
I U  34 * I U  35 
I U  36 * I U  37 * I U  38 * I U  39 * I U  40 
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s5 

60 

65 

70 

75 

PO 

4 1  C *  5 THICKNESS AND CAwRtR bTtTRlRUTION (XfC, I U  
C *  Y I C ,  T I C f 2 r  AND TLOPE) PUNCHED I U  
C*  6 - INTERPOLATED COOPDIYATF5 PUNCHED Ill 
C *  I O P  - INPUT D A T A  OPTION t u  

4 5  C *  0 - (X,Y,Y) INPUT t u  
C *  1 -  (THETAIY~CIY) INPUT IU 
C *  2 - (THETArYPSrU) I N P U l  xu 
C *  3 - (THElAsYPPS,Y) INPUT I U  
C *  ICAMTK - THICKNESS AN0 CAMBER D I S ~ P I 9 U T I O N  OPTION I U  

5 0  C *  0 - DO NOT COMPUTE TWCUNESS 4NO CAMBER t u  
C *  1 - COMPUTE THICKNESS AND CAWER t u  
C @  I R A 0  - BAD COORDINATE CHECK O D T I O N  I U  
C *  o - DO NOT CHECK FOR B i n  COOQOINATFS * I U  
C *  1 - CHECK FOR BAD COORbINITFf I U  
C*  I T P N  - INPUT COORDINATE TQANSLlTIl3W 4 W  POTATION OPTION XU 
C *  0 - 80 NOT TRANSLATE A W  POTATE I U  
C *  1 - TRANSLATE AND ROTATE SO TYAT X-AXIS 1u 
C' CORRESPONDS TO THE LONGFST CHORDLINE * xu 
C' IYTR - COORDINATE INTIERPOLATInN OPTInN I U  
C +  0 - NO INTERPOLATION DE~YRFO I U  
C* 1 - INTERPOLATE NEW COnRDINATES USING STANDARD S 7  I U  
C *  X f C  COORDINATES D E F I W O  I N  SUBROUTINE I N T P  I U  
C +  2 - INTERPOLATE NEY COORDINATFS AT INPUT X/C * I U  
C*  VALUES (0.0 06Em Y I C  O L E O  1.0) I U  
C...................ooooo~ooo*oooooooooooooo-oooooooooooooo*ooooooo*ooo* I U  
C *  3 FORMAT(lOo0) I U  
C *  NU - NUMBER OF UPPER SURFACE IWPUT CnORDINATES I U  
C*..................~..~bb......bb....oooooooooo*ooooooo*oowo*ooooooooo* I U  
C *  4 FOPMAT(3FlOaOI * I U  
C *  XU~YUIYU - UPPER SURFAC€ INPUT COOln INATFt  AND UEIGHTING * XU 
C *  (NU CAROS ARE INPUT) I U  
C +  I F  10P.01 XU-X AND YU*Y COORDINATES 1u 
C* I F  I O P - l r  XU.THtTA ANn Vll.Y/C I U  
C* I F  IOP.2, XU.THETA AND VUmYP5 I U  
C* I F  10P.3~ XUmtHETA AN0 YUmVPPS I U  
C *  FOR ALL IDPI YU~WEIbHTIW6 FACT09 I U  
C * o ~ o o o ~ o o o o ~ o o r o ~ o ~ o o o o o o ~ o o ~ o o o o o a o o o o o o o o o o o a o a o a o a ~ o ~ ~ ~ ~ ~ a o ~ o a ~ ~ o a o *  I U  
C *  5 FOPRAT( lO.0)  I U  
C *  NL - NUPBER OF LOWER SURFACE T W U T  COOROINATES I U  
C*aaroa.oa~aaoao..aa..rr................oooa~~~oo~a~~~~~eoooooooooooooo* I U  

2 

$1 
4 2  
4 3  
$ 4  
$ 5  
46  
4 7  
46 
49 
50 
5 1  
52 
53 
54 
5 5  
56 
5 7  
56  
59 
60 
6 1  
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

63 



C 

1 2 0  C 
C OMHON I I NOUT I J R EA0 9 J WR I Tc p T DR I N f  

I U  1 1 6  
TU 1 1 9  
IU 120 
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C 
C 
C 
C 

1 2 5  

130 

135 1 
C 

1 4 0  

1 4 5  
C 

1 5 0  

1 5 5  
C 

160 

ORIGINAC PAGE IS 
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xu 1 2 1  
I U  122 
I U  1 2 3  
I U  1 2 4  
JU 125 
I U  126 
I U  1 2 7  
xu 1 2 8  
I U  1 2 9  
I U  1 3 0  
I U  1 3 1  
I U  1 3 2  
IU 133 
I U  134 
I U  135 
I U  136 
I U  1 3 7  
T U  1 3 8  
I U  1 3 9  
I l J  1 4 0  
xu 1 4 1  
I U  142 
XU 1 4 3  
I U  1 4 4  
IU 145 
I U  146 
I U  1 4 7  
I U  148 
I U  149 
IU 150 
I U  1'51 
IU 132 
I U  153 
I U  1 5 4  
TU 155  
1U 156 
I U  1 5 7  
IU 1s11 
XU 159 
1IJ 160 

65 



11STING OF DECK: INPUT P A 6 E  5 

C b R C  N3. 

1 6 1  C 

1 6 5  2 

1 7 0  

c. 

1 7 5  

1 8 0  

1 8 9  

190 

1 9 5  

200 

C 

3 

C 

C 
4 

C 

ORlGlNAL PAM Is 
OF POOR QUALITY 

I U  161 
I u  1 b 2  
I U  1 6 3  
SU 1 6 4  
I U  ib5 
I U  l b b  
I U  1 6 7  
I U  1 6 8  
I U  1 6 9  
I U  1 7 0  
I U  1 7 1  
I U  1 7 2  
f U  113 
f U  1 7 4  
I U  1 7 5  
I U  1 7 6  
1U 1 7 7  
I U  1 7 8  
I U  1 7 9  
I U  1 8 0  

I U  1 8 2  
I U  1 8 3  

I U  1 8 5  

1U 1 8 7  

I U  1 8 9  
I U  190 
I U  191 
I U  1 9 2  
I U  1 9 3  
I U  1 9 4  
I U  195 
I U  196 
I U  1 9 7  
I U  1 9 8  
I U  1 9 9  
I U  200 

tu  l e i  

IU 1 8 4  

t u  1 8 6  

IU 1 8 8  
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L I F T I N G  OF DECK: INPUT 

CIRD PO* 

20 1 
C 
5 

205 C 
C 
C 
6 

210 
C 
C 
C 

220 

225 

219 
C 
C 
C 
C 

2 30 

235 

2 4 0  9 

UR I T E  f JWRITE p 4@ ) ( K I N 1  f 1 ) #  f* l .NINT 1 

R € I D  ( J R E A b 2 9 )  CNEY 
WRITE fJWRITEr49)  CNEW 

CHECK UPPER SURFACE CUORDINATES COR 9 p R  PIJfNfS 

READ AND URIT€ NEW CHORD OF INTtRPOLITEn COL..DfNAfES 

I F  fIOP.NE.0) GO TO 7 
I F  t l B I D * € Q m l )  CALL BAOPT (~U,YtJ,NU,TOLR~lrT€RI) 
I F  f IERReNEe0) 60 TO 26 

CHECK LOWER SURFACE COORDXNATES FOR BAO p O I W f  

IF ( I B A D * E J * l )  CALL BADPT (XL~YL,NL~TOLR,2,IERR) 
I F  !IFRRIYE.O) GO TO 26 

TPANSLATE AND ROTATE t Y E  INPUT COORDINATEP S O  TYAT THE X - A X I S  
CORRFSPONDS TO T h E  LONGEST CHORDLINE OF '&'€ I I R F O I L  

I F  ( ITRN*EO*1)  CALL TRNSRT f X U ~ Y U ~ W U I N l J r Y L I ~ L I Y L I N L , f f f L t )  

LOAD Xr Y r  THETAP YPSI AND YPPS ARRAYS 

IF ( f o p )  e r a , i 5  
I F  IOP*O, COMPUTE THETA FROM INPUT X 

COMPUTE THETA COR LOWER SURFACE 
C Y O R O = X L f P L ) - X L f l )  
D€L?A=XUfNU)-XUf 1) 
1; fDELTArGT.CHORD) CHORD~OELTA 
NP =O 
00 11 I . l r N 1  
NP=WP+l 
J *NL +1- I 
UfNP)=ULf  J )  
OELTA=f  XL ( J  1-U . l )  )/CHORD 
I F  fDELTA*LE*CONS) GO TO 9 
DELTA.TLNf DELTA/CDNS*.l ) 
T H E T A ( N P ) ~ ~ P ~ Z - A L O C ~ D E L T A + S O R Y f D E L T A * n E L ~ A + l . ) )  
GO TO 10 
T ~ E T A f N 9 ) ~ - A C O S f l . - 0 € L T ~ / C O N S )  

PAGE 6 

1u 201 
XU 2021 
IU 203 
I U  204 
I U  205 
I U  ZQb 
L3 L07 
I U  20P 
Ill 209 
I U  210 
I U  211 
xu 212 
I U  213 
IU 214 
I U  215 
I U  216 
I U  217 
XU 218 
IU 219 
I U  220 
I U  221. 
I U  222 
I U  223 
I U  224 
I C  225 
I U  226 
I U  227 
I U  228 
I U  229 
1U 230 
I U  231 
I U  232 
I U  233 
I U  234 
I U  235 
I U  236 
I U  237 
I U  238 
XU 239 
I U  240 
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LISTIHG OF O E C K I  INPUT 

CARD NO. 

241 10 
11 

C 
245 

2 50 

260 

265 

2 t O  

275 

280 

12 
13 
I +  

C 
C 
15 

1 6  
1 7  

PAGE 7 

xu 2 4 1  
IU 242 
xu 2 4 3  
IU 24b 
XU :'A 

I'J 246 
XU E47 
I U  2 4 8  
IU 249 su 250 
XU 2 5 1  
xu 252 
SU 253 
XU 2 5 4  
1U 255 
1U 256 
xu 257 
I U  258 
xu 259 
IU 260 
I U  261 
IU 262 
LU ib3 
l U  264 
IU 265 
XU 266 
I U  267 
10 268 
XU Zb9 
LU 270 
1U 2 7 1  
IU 272 
f U  273 
I U  2'21 
I U  2 t 3  
I U  276 
I U  277 
xu 278 
I U  279 
tu  280 

68 



ORIGINAL FAGE 1s 
OF POOR QUALITY 

LISTING 'JF DECKr INPUT PA6E 8 

CARD NO. 

2P1 

285 

290 

293 

300 

305 

310 

315 

320 

I? 
19 
C 
C 
C 
20 

2 1  

C 
C 
C 
22  

23 

24 
C 
C 
C 
25 
C 
C 
C 

RFTURN TO CALLIPG PROGRAM 

I U  Z 0 1  
IU 282 
I U  283 
I U  281. 
t u  285 
111 ?86 
I U  207 
zu 200 
I U  289  
I U  290 
I U  2 9 1  
I U  292 
IU 293  
I U  294  
I U  295  
ZU 296  
I U  297  
I U  296 
I U  299 
I U  300 
I U  3 0 1  
I U  302 
I U  303 
I U  304 
IU 305 
I U  306 
I U  307 
I U  308 
I U  309 
I U  310  
I U  3 1 1  
I U  312 
I U  313 
I U  314  
I U  315 
I U  316 
XU 317 

I U  319 
I U  320 

IO 318 
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L I S T I N G  OF DECKS I N I U T  PA6E 9 

CbRD NO. 

3 2 1  

3 2 5  

330 

335  

340 

345  

3 5 0  

355 

2 6  
C 
2 1  

29  
30 

28 

3 1  
32 
33 
34  
35 
36 
3 7  
38 
39 
40 
4 1  
42 
43 
44 
45  
46 
it  
48 
49 
50 

5 1  
52 
53 
56  
55 
56 
57 

2 )  
FORM 
FORM 
FORM 
FOPM 
FORM 
FORW 
FORM 
FORP 
FORM 
FORR 
FORR 
FORM 
F9RM 
FORM 
FORM 
FGRM 
FORH 
FORW 
FORM 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

XU 328  
I U  329 
1U 330 
I U  3 3 1  
I U  332 
t u  333 
I U  334 
I U  335  
I U  336  
I U  3 3 7  
I U  33e 
I U  3 3 9  
I U  340 

I U  IU 342  3 4 1  
I U  3 4 3  
I U  344 
xu 365 
I U  366 
I U  3*7 
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ORlGlMAC PAGE IS 
OF POOR QUALITY PA6E 1 L I S T T N 6  OF EFCH: TRWSRT 

CAR0 NO. 

I 
c 
C 
C 

5 C 
C 
C 

C 

C 

C 

10 

15 C 
C 
t 

to 

23 
1 
C 
C 
C 

30 C 

40 C 

TR 
TR 

ROUTINE TO TRANSLATE AND ROTATE THE IwP l lT  A IRFOIL  COORDiNATES SO TR 
THAT TME X-AXIS CORRFSPONOS TO THE LON6EST CMOQOLfM TR 

TR 
CODED B Y  -- HARRY MORGAN W A S A f L A R C f T A O ? A L I  1982 TR 

TR 
DIMEN?ION XUt1)s Y U ( l ) p  UUtl). X L ( l ) r  Y L t l ) .  Y L t l ) r  T I T L E t 6 )  r- 

COPNON rNr f  X ~ Z 0 0 ) ~ Y ~ 2 0 0 ) 1 Y f 2 0 0 )  TR 
TR 

e *  

COWON t 8 l K l f  P I ~ P I Z ~ R A O D C O I S  

CONHON ?INOUT? JREADsJYRITEsIPRINT 

PRINT INPUT COOROINATES 

YRITF ( J W R I f E 8 1 3 )  T I T L E  
JmNU 

. .. 
TR 
TR 
TR 
TR 
TR 
TR 
TR 
TR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15  
16 
17 
l e  
19 
20 
2 1  
22 
23 
24 
25 
26 
7 f 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
3 1  
38 
39 
40 
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1 1 S T I N 6  OF DECK: TRNSRT 

CbRD NO. 

4 1  

45 

50 

55 

60 

65 

10  

75 

60 

3 
C 

C 

4 

5 
C 
C 
C 

6 

7 

8 
C 
c 
C 

DO 3 I-JINU 
N = N + l  
Y (N) =NU t I ) 
X N 1 =XU t I 1 
Y t N) =VU (1 1 

XTE.0. 5 * (  X t 1) * x ( N  1 1 
COMPUTE R I D P O I N T  OF T R A I l I H 6 - f D 6 E  U S E  

Y T E = O * 5 * t Y ( l  ) + Y ( N l j  
F I W D  N M t  FORUARO LEADING-EDGE P O I N T  AN0 LOU6EST CHORD 

c WORO=O.O 
DO 5 f = l . N  
o I S T = S o a T ~ ~ x ~ I ~ - x T E ~ * * 2 + ~ Y ~ I ~ ~ Y T E ~ * * 2 ~  
I F  (0131-CHORD)  59S14 
CHORD=D IST 
WOSE=I  
XNOS€=X t 1) 
YNOSE=V t I )  
C O N T I N U €  

T R A N S L l T E  AND ROTATE A I R F O I L  

I F  I C M O R O . l E . 0 ~ 0 )  60 TO 6 
COSAI t X TE-XNOSE 1 I C H O R 0  
SINAmf VTE-YNOSE) /CHORD 
ANCL E = A  f AN t S I N  A I COS A 1 *RAD 
L O  t o  7 
COfA=O.O 
S INA=O.O 
ANCLE.O.0 
DO 8 I m l r N  
D I S T = X (  I) 
X (  I ~ = ~ D ~ S ~ ~ X N O S E ~ * C O S A + ( Y ( I ) = ~ O S E ~ * S ! N A  
V ~ I ~ = ~ Y ~ I ~ - V N O S E ~ * C O f A - ~ O I S l ~ X ~ O S E ~ * S T N ~  

R E D E F I N E  LOWER AND UPPER SURFACE COORb!NATFS 

DO 0 Ir l rNOSE 
J*#OSE*l-f 
Y L t I ) = U ( J )  
xL ( I )=X  t d )  

PAGE 2 

TR 41 
TR 42 
TR 13 
TR 44 
TR 45 
TR 46 
i R  17 
t R  48 
T R  49 
TR 50 
TR 51 
T R  52 
T R  53 
YR 54 
T R  55 
TR 56 
T R  57 
TR 58 
TR 59 
TR 60 
T R  61 
T R  62 
TR 63 
TR 64 
T R  65 
TR 66 
TR 67 
TR 6@ 
TR 69 
T R  70  
TR 71  
TR 72 
TR 73 
TR 74 
TR 75 
TR 76 
T R  77 
TR 78 
TR 79 
T R  80 
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L I S T I N G  O f  DECK1 TRCSRT 

CARD NO. 

e 1  

65 

90 

9s 

100 

105 

1 1 0  

9 

10 

C 
C 
C 

11 

C 
1 2  
1 3  

1 4  
IS 
16 

YL t I I m Y  i J I 
NLmWOS€ 
DO 10 I=HOSEIN 

V U (  J I -U  ( ! I 
XU(J l .X(X1 
Y U ( J ) - Y  ( 1 1  
N U = J  

PRINT N E Y  A I R F O I L  COOROIYATES 

JOI+I-HOSE 

ORIGINAL PAGE IS 
OF POOR QUALITY PAGE 3 

TR 8 1  
TR 82 
T R  83 
f R  84 
TR 85 
T R  86 
T R  87 
TU 88 
TU 89 
1 R  90 
TU 91 
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ORIGINAL PA@ 
OF POOR QUALm 

L I S T I N 6  OF DECK: BACPT 

CARD W O e  

PAGE 1 

1 
C 
C 
t 

5 C 
C 

C 

10 

15 

20 

25 

30 

35 

40 

C 

C 

C 
C 
C 

SUBROUTINE B + C f T  (X,YDNP,TOLR,ISURFIISRU) 

ROUTXNE T O  EDIT  BAD POINTS FROM X AND Y INPUT COORDINATES 

CODED BY -- HARRV MORGAN NASAIIARC/TAb/AA8 lV82 

DIPZNfION x ( l ) t  Y l l ) r  SURFIZ) 

COWON I H l M I  TI( 100)s Y It100 I I YN(lO0)rTHETAt 100) 

C O W O N  /BLKl/ PIrPI2rRADrCONS 

CORMON I I N O U T I  J R € A D r J N R I f E ~ I P R I N T  

DATA fURFCl)I5HUPPERIrSURF(Z~I5HLOHER/ 

IF TOLERANCE I S  ZERO OR NEGATIVE RETUPN 

I€RR=O 
I F  ( T O L R o L E o O o O )  RETURN 

CORPUtE LOCAL CHOP0 

CHORD=X (WP) -X( l )  

I N I T I A L  I Z E  !TERATION PARAMETERS 

ICD.0 
IPTP-0  
N l - N P - 1  
W A X  =@ 
TOLC =TOLR*CHORD 

COCPUTE THETA f3UIVALENT OF X 

DO 2 I=~,NP 
DELTA= ( X ( I 1-X t 1 ) ) I C H O R 0  
I F  (DELTAeLEeCONS) 60 TO 1 
DFLTA~T~N(DELTA/CONS-1 1 
f H E T A ~ I ~ ~ P f 2 + A L O G ~ D E L T A + S O R T ~ D E l T A * D E l T A ~ l o ~ ~  

BD 1 
BD 2 
BO 3 
BD 4 
BO 5 
BO b 
BD 7 
BO 8 
BO 9 
BD 10 
BO 11 
BD 12 
BD 13  
BD 14 
BO 15 

Bt 17 
BO 18 
BD 19 
BD 20 
BD 21 
80 22 
110 23 
BO 24 
BD 25 
BD 26 
BD 27 
BD 28 
BO 29 
8D 3fi 
BO 31 
BO 32 
BD 33 
BO 34 
BO 35 
BD 36 
BO 37 
BD 38 
BO 39 
BO 40 

eo 16 
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L I S T I N G  OF OFCK: BACPT 

CIUO NO. 

ORIUNAL PAGE IS 
OF POOR QUALITY 

4 1  
1 
2 
C 

45 C 
C 
3 

C 
50 

60 

65 

C 

55 

4 
C 

5 
C 

70 

1 5  

80 

6 

? 

60 TO 2 

CONTINUE 

LOCP TO SEARCH FOR BAD POINTS 

NMbX=NNAX+l 
JSTARTml 

DO 5 I=2.N1 
K - 0  

DO 4 J I l r N P  
I F  (1.EQ.J) GO TO 4 
K=K+1 
T I  ( K  )=THETA( J 1 
Y 1 ( K  ).Y ( J  ) 
CONTIWE 

CALL INTER ~ T H E f 4 ~ I ~ r Y N ~ I ~ ~ ~ r T I ~ Y I ~ J S T A R T ~ J E ~ ~ r ? C O ~  
JSTART.JEN0 
C ON1 INU E 

IPT=O 
ERRNAX.0. 
DO 7 1.2tN1 
E P UW IN. 0. 
ERRmIBS tYNt I B - Y t  1)) 
I F  (ERR *GE*TOLC) LRRNIN=ERR 
I F  (ERRWIN-ERRNAX) 7,?.6 
IPT=I 
€RRMAX.ERRWIN 
CONTlNUE 

THETA(f )~ACOS(l.-O€LTA/CONS) 

COMPUTE NEW Y VALUE BY INTERPOCATI~N 

LOAD T I  AND Y I  ARRAY - O R I T  T W  I t T M )  INPUT DATA POINT 

INTERPOLATE I ( 7 h )  DATA POINT 

CHFCK TOLERANCE OF INT€RPOLAT€O POINTY 

I F  (!PT.FQ.O) RETURN 

I F  tNWAX.CQ.1) WRITE ( J W R I T E I ~ )  f U R F ( 1 f U R F ) ~ T O L C  
UR :TE t JURITEP 10) I ? T P  X IPT),  Y ( I P T  1 PYN ( I P T )  

PRYNT C O O R D I l A T E S  OF BAD POINTS 

RFPLACE BAD POINT Y ITH INTERPOLATCE VALUP 
Y f lPT )=YN(  I P T )  

CHECK TO SEE I F  THIS  BAD POINT I S  ADJACENT TO THE PREVIOUS BAD BO 8 0  

PAGE 2 

BO 4 1  
BO 42 
BO 43 
BD 44 
BO 45 
BO 46 
BO 47 
80 48 
BO 4 9  
BO 50 
BO 5 1  
BO 52 
00 5 3  
BO 54 
BO 55 
BO 56 
BO 57 
BO 58 
BO 39 
00 60 
BO 61 
BO 62 
BO 6 3  
BO 64 
BO 65 
BO 66 
BO 67 
BO 6 8  
BO 69 
BO 70 
BO 71  
BO 72 
BO 73 
BO 74 
BO 75 
BO 76 
BO 77 
BO 78 
BD 79 

75 



C 
C 

Q5 

C 
C 
C 

C 
C 
C 
e 

90 

95 

C 
9 

100 10 

11 

FOLNT -0 IF I T  IS, PRINT A WARNING RFSSIGE AWD TFRIIINITE BO 81 

BO 8 3  
IF ( IPTPeEOeIPTr  60 TO 6 BO 8 4  

IF fCWAXe6E~NP) RETURN BO 86 

RETURN TU START OF LOOP AND SEARCH FOR WWT BAD POINT 

PROGRAM EXtECU7ION BO e2 

IPTPmIPT BO e5 

I F  ( I I ? T P e E O e I P ~ ~ l ~ . O R . ( I P T P . E O . I P t * 1 ) )  GO TO 8 

BO e7 
BD 00 
BO 89 

Gfl  TO 3 BO 90 
BO 91 
80 92 YARNING RESSA6E PRINT STATEWEW~ 
BO 93 

YPITE (JYQ!TE,ll) BO 94 
I E R R o l  BO 95 
RETURN BO 96 

BO 97 
FbRPAT I lHl / / IX.44HYARNINC - BAD POINTS WAVE 6EEN FOUND ON THEp1X BO 98 

l ~ A S ~ l X , 3 f H S U I F A C E  B A f € O  ON AN € D I T  T O L f R A W f  lJF~F10.6/)  BO 99 
FORMAT (~XI~SHBAD POINT AT f*#1485XsIHX ,F10.6sSXeIHY 0 sF10.6~5 BO 100 

BO 101 
F@RRAT I I X I ~ ~ H A D J A C E N ~  BAD POINTS HAVE 9EEn FOUNb - PLEASE CORREC BO 102 

I T  YOUR INPUT DATA AND RESUBMXT THIS CASE.) BO 103 
END BO 104- 

i x 9 i e w w i m c  UITH r ,~10.6/) 
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L I S T I N G  OF DECKS f W X Y  

C A R 0  NO. 

PAC€ 1 

1 

c 
C 

5 5 
c 
\ c 

C 
C 

10 

1 5  

20 

25  

30 

75 

40 

C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 

C 

C 
C 

SUBROUTINE snnxy ~ T W € T A ~ X ~ Y ~ Y ~ Y S ~ O ~ Y P ~ , Y P P S ~ N P ~ N O S E D Y ~ T ~ ~ Y N O S E ~ Y U T  50 

T H I S  SURROUTINE PSFSENYS A TECHNIQUE FOR S N O O T H I N G  Y TNPUT S O  
COORDINATES USING L E A W  SOUARES P o L y w n x ~ L  AND C U ~ T C  TPLINF so 
MFTHOOS sn 

so 
I F  100=0 OR 1s COWPUT€ YPPII (UNSWbOTHED SECCND DERfVATIVFS) FROM 90 
LEAST SOUARES PI)LY‘JPqIAL F I T T I N G  OF Y VS THETA. THEN COMPUTE so 
YPPS (SBOOTHEb SECQNF OFQIVATIVES) FPOH LEAST SQUARfS CURfC SO 
SPLINE F I T T I N G  OF VPPU v s  THETA. FINALLY COMPUTE Y S M O  t 9 n o n T w n  Y S O  
COOPDINATES 1 IISINC, r r r v w s E  cuerc SPLINE METHOD. so 

SO 

1 E p  EO$,nF# ITER,TITLEr IO@, I F R Q )  S O  
so 

i 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  

I F  10P=21 COwot!TF fCCr)YD DFRIVATIVES FROB INPUT F IRST O E S I V b T I V € S .  SO 1 4  
THEN CDPPUTE UNSRWVWED Y CObROINAfES FROM TECONO DERIVATIVE$ AND SO 1 5  
FOLLOL~ S A M E  PPOCEDUPFS b s  OUTLINFD ABOVE FOR IOP o nr( I .  SO 16 

SO 17 
I F  IOP=3r  COHPUTE U*l fBl lO~HED V COOREYNATES FRON INPUT FECON9 zn 18 
DERIVATlVES. TYCN F”LL!lU FA*€ PRnCcDURES AS OUTLINED ABbVE FOR SO 19 
I O P  0 OR 1. so 20 

so 2 1  
CODFD B Y  - rlARRY H’3RGAN NASAILAQC/TAD/AAS 1 9 8 2  5’) 22 

S O  23 

PRCGRAW SO 25 
DIPENSION THET&r Yp Y, W, YSqO, YPS, AND YPPS BY NP IN CALLING Sc) 2 4  

DIMENSION T[TLFI(R)r TNFTA(1) r  W(l)r Y ( l ) r  Y ( l ) p  YSWO(1)p YPS(1 lp  Y SO 26 

so 28 
COHHON /CrLH/ UK ( 200r 10 1 SO 29 

SO 30 
YPP t 200 ) n  YOSN”J( 20019 nun t 2 0 0  ),A ( 2C “ 9  41, VN( Z O O )  n WOU( 20 SO 3 1  

SO 32 
SO 33 

l P P S ( 1  t sn 27 

C OHBON f SVY/  
lO ) ,SUrY(300) rLTFR(30)  

so 3 4  
S? 1 5  
S O  3 6  
so 37 
so 38 
so 3Q 
SO 40 
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L I S T I N G  OF DECK: SHOXY PAGE 2 

CARD NO. 

4 1  

44 

50 

5 s  

60 

65 

70 

75 

PO 

C 
C 

C 
C 
C 
C 
C 
C 
1 
2 

3 

4 
C 

C 

C 
C 

C O S H ( X ) . ( E r P ( X ) * E X P ( - X ) ) 1 2 .  

I E R R = O  
I F  IIOP.EQ.O.ORe1OP.€Q~l) 60 TO 1 3  
I F  ( I O P . E O . 2 )  GO TO 1 
I F  ( IOPeEQe3)  GO TO 11 

I F  IOP=2, COMPUTE SECOND DERIVATIVES FROM INPUT F I R S T  
DERIVATIVES. THEN CORPUTE I N I T I A L  Y I C  SOdRDINAlES FROB SECOND 
DEQt VA TIVES. 

COMPUTE SECOND DERIVATIVES USYNG CSOS 
DO 2 I - l r N P  
DUP( I ). 1.0 
Tl=O.O 
CALL CSCS ( L H X , N P , T H E T A ~ Y P S r O U R ~ T l ~ ~ l ~ A ~ U U ~ T E U R )  
I F  (IERReNE.0) 60 TO 71  
DO 4 I * l o N P  
I F  ';.EO*NP) GO TO 3 
V>PS f I) = A  f 10 2) 
GO TO 4 
DELTL=TH€lA(I)-THETAfI~l~ 

CONTINUE 
YPPS (I 1 3.*A (1-1,4 l*DELTA*2.+A( 1-1, 3 )  ) *DELTb+A( t - l r  2) 

COWPUTE SECOND DERIVATIVES USING LSOSNO 
DELTA=l  
CALL L S  OSnO (THETAI YPS P U # D U M ~  YPP, YUS#nrwp# 1,NPnNOStr DFLfAr EPSn I E R R  SO 67 

1) SO 68 
SO 69 XF (IERReNEeO) RETURN 

COMPUTE Y I C  COORDINATES SO 70 
CALL YNEU I T H E T A , Y P P S ~ Y r N O S E , N P ~ Y L ~ E , ~ ~ ~ ~ E n Y U ~ E ~ E P S ~ D ~ R ~ U K ~ J ~ ~ ~ T E ~  SO 7 1  

10) so 72 
CALL YN€Y ~ T H E T L , Y P P ~ Y U S M O ~ N O f E ~ N P ~ Y L T ~ ~ Y N O f F l r U T E ~ E P S ~ D U ~ ~ Y K ~ J ~ R I  SO 73 

1TEIO)  so 7 4  
CORPUTE NEY FIRST DERIVATIVES AND CORPARF Y I T H  INPUT S O  7 5  
F IRST DERIVATIVES SO 76 

URITE ( J U R I T E p 7 3 )  T I T L E  SO 77 
SUMl.O.0 so 71 
SUP2.O. 0 so 79 
DO 7 Im lPNP so  80 

SO 41 
so 42 
S O  43  
S O  44 
so 45 
so 46 
S O  4 7  
SO 40 
so 49 
so 50 
so 5 1  
SO 52 
so 53 
so 5 4  
so 5 5  
SO 56 
so 5 7  

SO 5 9  
S O  60 
S O  61 
SO 62 
SO 63 
SO 64 
S O  65 
S(J 66 

S O  !ie 
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LISTING OF DECK8 fROXY 

ORIGINAL PAGE IS 
OF POOR QUALfW 

PA6E 3 

C l V n  N o r  

R 1  

a9 

90 

95 

too 

1 0 5  

110 

115 

1 2 0  

5 

6 

7 

t 

R 

9 
10 

C 
C 
C 
C 
C 
11 

C 

IF f I o E O 0 1 1  60 TO 4 so 8 1  
DELlA=THETA( I  I-THETAf 1-11 so 82 

D U H f I l ~ Y P P ~ I ~ 1 l * D E L T A / 6 e + Y P P f I l * D E l T A / 3 o + f Y U S ~ O f I l ~ Y U S H O f I ~ l ~ l / D E L  S O  8 4  
Y N f I ~ ~ Y P P S ~ ~ ~ l l * D E L T A / 6 o + Y P P S f I I * D E L T A / 3 ~ + f Y ~ I I ~ Y f I ~ l l l 0 D E l T A  so e3 

1 TA so e5 
60 TO 6 SO 86 
DELTA~l~ETAf2)-THETAtl) SO 07 
Y N ( 1 l ~ ~ Y P P S f l l * D E L T A / 3 e ~ Y P P S ~ 2 ~ * D E l T A ~ 6 o + f Y f 2 l ~ Y f l l l ~ D E l T A  S O  88 
b U H f l l ~ - Y P P ~ 1 l ~ D E L T I / 3 o ~ Y P P f 2 l ~ D E l T A / 6 o + f Y U ~ ~ ~ ~ Z l ~ Y U S ~ O f l l ~ ~ D E l T A  SO (19 
l l = Y P S (  I I - Y N ( f 1  SO 90 
T2.Y PS t I) -0UM t 1 I SO 91  
SUR1=SUR1+Tl*f l  S O  92 
SUH2=SUN2+TZ*l2 so 93 
WR I T €  f dWRIlEr74 1 I r Y P S ( I 1  r YN (1 I r T l r D 1 1 R f  I I r T 2  so 9 4  
W R I T €  t JYRf lE1751  SUMl.SUM2 so 95 

SELECT OUTPUT FROW EITHER CSOS OR LSOSMO SO 96 
D O  10 I m l I N P  so 97 
IF (sunt.~t.suni) 60 TO e so 98 
YPPf I )=YPPS ( I 1  sa 99 
GO TO 9 so 100 
V t I IrVUSMO f I I so 101 
YN(1 )=DUHt 1) so 102 

S O  103 YSHOf  11 = Y  (1) 
so 106 YUSNOf I ) = Y f I  I 

IF fSlVI2eG€eSUM11 YRITE fJYRITE,761 53 105 
XF ( S U H 2 e L T . S U M l l  YR!T€ tJURITE.77) SO 106 
IF (1TER.EO~Ol GO TO 48 S O  107 
60 TO 1 3  so 108 

SO 109 
SO 110 IF 10P.31 CORPUTE f P X T I A 1  Y IC  FROH INPUT SFCOND DERIVATIVES 

AND Y t C  COORDINATES AT THE UPPER AND LOUFR SURFACt TRAIL ING so 111 
EO6E AND NOSE so 112 

so 113 
CALL YYEU f T H E T A ~ Y P P S r Y r N O S E ~ N P ~ Y l T E ~ Y ~ ~ S E r Y ~ T E r € P S ~ ~ U ~ ~ U K ~ J U ~ I T E ~  SO 114 

10 1 SO 115 
CORPUTE FIRST DERIVATIVES 

DO 1 2  1.1rNP 
YSRO(  I I =Y t 11 
YUSWOf I I - Y f  I) 
I F  ( I e E Q e l l  GO TO 12 

SO ii6 
so l i e  
SO 117 

SO 119 
so 120 
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L I S T I N 6  nF OFCK: SNOKY P A 6 E  4 

CAPO NO. 

121 

1 2  

125 

C 
C 
C 

130 13 

135 

140 

14 

C 
C 
C 
C 

C 

145 

150 

155 

160 

15 

16 

C 
C 
C 
c 
17 

DELTA~THETA(I)-THETA(I-l) so 121 
Y N ( I ) ~ Y P P S ( I - ~ ) * D E L T A / ~ O + Y P P S ( I ~ * D E L T ~ / ~ . + ~ Y ~ I ~ ~ Y ~ I ~ ~ ~ ~ / D E L T A  so 122 
Y P P f  I ) = Y P P S ( I  J S O  123 
DELTA=THE T A t  2 ) -THETA( 1 ) SO 124 
~ N ( ~ ) ~ - Y P P S ( ~ ~ * D E L T A / ~ ~ ~ Y P P S ~ ~ ~ * D F L T A / ~ O + ~ ~ ~ ~ ~ ~ Y ~ ~ ~ ~ / D E L T A  SO 125 
IF f ITER.EQ.0)  GO TO 48  S O  126 

SO 127 
I N I T  I A L I L E  ARRAYS so 128 

S O  129 
DO 14 I - l r N P  SO 130 
Y u s n o t r ~ = Y t I ~  SO 131 

SO 132 
YSRO (1) =THETA ( 1 )*RAD S O  133 
our( I ) =  1. S O  134 
I F  t1TER.GT.O) GO T O  17 SO 135 

SO 136 

I F  ( 1 O P . t f o Z )  YPP(I).O.O 

I F  1OP.O OR 1 AND NO SHOOTHING D E S I P F n  ( 1 . E .  ITER.0) r CORPUTE S O  137 
SECOND D E R I V A T I V E  FROM C U B I C  S P L I N F  SUS@OUT1NE so 138 

SO 139 
C A L L C S 0 S I L R XI N PI T WE T AI Y I 0 UMI 0 0 # -1 8 A #  VU I I ERR SO 140 
IF (1ERR.NE.O) GO TO 71 S O  141 

COMPUTE Y AND SECOND O E P I V A T I V E  so 142 
DO 16 Ir10NP SO 143 

SO 144 I F  (1.EQoNP) 60 TO 15 
YSMOt I) .A(  I r l )  SO 145 
Y N ( I ) . A ( I r 2 J  SO 146 
Y P P (  I ).20*Ai(Ir 3) SO 147 
GO TO 1 b  SO 149 
D E L T A = l H E T A ( I ) - T H E T A ( f - l )  SO 149 
Y S M O ~ I ~ ~ ~ ~ A ~ f - l r 4 ~ * D E L T A + A ~ I ~ 1 ~ 3 ~ ~ * D E L T A + ~ ~ ~ ~ l ~ Z ~ ~ * D t L T A + A ~ I ~ l ~ l ~  SO 150 
Y N ~ I ~ ~ ~ ~ ~ ~ A ~ ~ ~ ~ ~ ~ ~ * D E L T A + ~ ~ * A ~ I ~ ~ I ~ ~ J ~ ~ E ~ T ~ + A ~ I ~ ~ ~ ~ ~  SO 151 
YPP(  1).6.*A( I ~ L I ~ J * D E L T A + Z . * A ( I ~ ~ ~ ~ )  so 152 
C O N T I N U E  SO 153 
60 TO 48 so 154 

SO 155 
F I N O  MAXIRUM I N P U T  Y VALUE AND ITS L O C A T I O Y  FOR UPPER AND SO 156 
LOUER SURFACES SO 157 

SO 159 
JlrAKL.1 SO 160 

LOWER SURFACE so  158 
Y MAW.O.0 
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PAGE 5 

C A Q n  NO. 

1 6 1  

165 1 8  

1 q  
C 

1 7 0  

20 
17  5 

1 eo 

1 P5 

190 

1 9 5  

2 1  
C 
C 
C 
C 

2 2  

23  
24 

C 

2 00 
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L I S f I N G  OF D€CKl  S M O X Y  

C A F J  NO. 

2 0 1  
C 

2 0 s  25  

2 1 0  

2 1 5  

2 2 0  

2 2 5  

2 2 0  

2 3 5  

2 4 0  

C 

C 
26 

2 7  

20 

2 9  
30 
3 1  

3 2  

3 3  
C 

3 4  

35 
C 

I F  (S€RRoNEoO) RLTURN 

sunr ( 1 )  =0.3 
DO 2 5  J o l r N P  
S U R Y ( J ) = ~ U M Y ( I ) + ( Y P P U ( J ) - r P P ( J ) ) + + 2  
J l = J 1 * 1  

COMPUTE ERROR TERM 

IF ( ( f . L F . 3 ) o A Y O . ( L l . ~ E Q . 2 ) )  GO T O  2 6  
I F  ( S c E O o L )  60 T O  26 

CHECK FOR OSCILLATIONS I N  CONVERGEWE OF ERROP 7ERP 

LOAD ARRAYS FOR NEXT ITERATION 
IF (SUMY ( I )-Sully( 1-1 I 1 2 6 r  26n 3 2  

00 3 1  J a l n N P  
YK ( J i f )  * Y  PPU( J )  
I F  ( lL .FQ. l~ANO. Io€Qe11 YPPS( J f l t P P U t  J )  
YPP( J ) *YPPU(J  1 
CC=Ytl5f lO(J) 
IF ( J l - 2 )  29r28 ,27  
AA=VN( J )-YUSHO(J) 
8 5 m A ( J ~ 1 1 4 ( 5 , 2 )  
TlmSIGN (1 . e A A )  
T Z m S I G N  (1 SBB) 
I f  ~ 7 1 . E Q ~ f 2 ~ O R o A A o ~ Q ~ 8 8 )  GO TO 28 
YUSMP( J ) * A t  JoZ)-BB*(YUSMO( J ) -A (  J 0 2 )  1 / t  Ah-RRI 
GO T O  3 0  

GO TO 30 
YUSMO(J)=YN(J) 
A (  J, l ) = Y N ( J )  
A t  J e 2: .CC 
GO TO 3 3  
NTER.1-1 
ICON.2 
GO 10 3 6  
NTER=I  

YUSWO(J)=0.5* (YUSRO(J)*YN(J) )  

C H E C K  FOR CONVERGENCE BASED OW SNPUT EPS 
I F  (SUMY( I )~LE.EPS)  GO TO 3 5  
CONTINUE 
GO TO 36 
ICON.1 

PA6E 6 

so 2 0 1  
SO 202 
SO 2 0 3  
S O  204 
SO 2 0 5  
SO 2Ob 
S O  207 
SO 2 0 6  
S O  2 0 9  
so 2 1 0  
so 2 1 1  
s o  2 1 2  
Sc1 2 1 3  
SO 214 
so 2 1 5  
S O  216 
S O  ? 1 7  
;o 218 
S O  2 1 9  
SO 2 2 0  
SO 2 2 1  
f 3  2 2 2  
SO 2 2 3  
S O  2 2 4  
SO 2 2 5  
SO 2 2 6  

so SO 2 2 8  2 2 7  
SO 2 2 9  
S O  2 3 0  
SO 2 3 1  
so 2 3 2  
SO 2 3 3  
SO 2 3 4  
SO 2 3 5  
SO 2 3 6  
so 2 3 7  
SO 2 3 8  
SO 2 3 9  
so 2 4 0  
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CARD NOe 

2 4 1  

745 

250 

25 5 

2 60 

269 

270 

275 

280 

t 
C 
36 

37 

39 

3Q 
40 

C 
C 
C 
C 

4 1  
C 

C 

42 

43 
44  

t 
C 
i 

C 

Pk6E 7 

SO 2 4 1  
SO 2 4 2  
S O  2 4 3  
so 264  
S O  2 4 5  
so 2 4 t  
so 2 4 1  

SO 2 4 9  
S C  250 
so 2C1 
SO 252 
so 2 4 3  
S O  2 5 4  
SO 255 
SO 256 
S O  2 5 ;  
SO 2 5 8  
SO 259 
SO 260 
SO 261 
SO 262 
SO 263 
S O  2 6 4  
SO 265 
S'J 266 
S O  267 
so 2be 
SO 269 

S O  248 

COPPUTE NEW Y COOROINATFS FROB SMO!WHFn TFCOYD D E R I V A T I V E S  S O  276 
SO 271  
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LISTING OF DFCKt SBOXY 

C b R O  NO. 

201 C 
C 
C 

283 45 

C 

296 

295 

300 

305 

46 
C 
C 
C 

47 

C 
t 
C 
48 

310 

315 

49  

3 2 0  

CHECK NEY Y COORDINATES FOR SMOOTHN€fS 

CALL LEAST SQUARES POLYNONIAL @OUfTNE 
00 1s I=lrWP 
A t  I s  1 ) = l e 0  
CALL LS OSWO ( T H E T A I V S ~ O ~ A ~ V N S  DURBYP*Z~NP,I ,NP,MOS€*Yfr EPS I f  I D  1 
IF t KERP.N€.O) REfUPk 

SVPl=O.O 
SUW2.O. 0 
DO 46 I - l ~ u ”  
A t i 1 ‘%.I SmO( I )-YN( I) 
2 ;  1 s t)=YPP( I )-YPPS t 11 
f U ~ l ~ S U l l + A ~ I s l l * * Z  
SUP~.SURZ*A(II~)**~ 

COVPUTE ERROR TERPC 

CORPUTE FIRST DERIVATIVF FROP :ROOTHFC s c r w  DERIVATXJE 

Wl=NP-1 
DO 17 ImIsN1 
DELTI=THE T A i  1+1 I -THETA( II 

P16E 

so 281 
SO 282 
SO 283 

SO 285 
SO 284 
SO 287 
so 28C 
sc1 289 
SO 290 
SO 291 
SC L92 
SO 293 
so 294 
SO 295 
SO 291 

SO 298 
SO 299 
so 3QS 
SO 301 

sa 2a+ 

so 291  

V Y ~ I l ~ ~ Y P P ~ 1 ~ * D E L T A / 3 . - V P P ~ I * I ) + D E L T A ~ 6 ~ + ~ ~ ~ ~ O ~ I ~ l l ~ Y S ~ O ~ I l l ~ ~ ~ ~ T A  SO 302 

Y N ~ N P ! ~ Y 8 P ~ N 1 l * D E L f A f ~ . + Y P P ~ M P l * D E L T A ~ 3 . + ~ Y S ~ ~ ~ ~ P ~ ~ Y S ~ O ~ N l ~ ~ / D E L T A  SO SU+ 
D E L T A - T w E T A ! ~ P ) - T H € T A ~ N i ~  SO 303 

SO 304 
PRINT SURWARY OF SROOTHcQ A130 UNSNPtlTHECJ DliTA SO 306 

SO 307 
YPITE I J U R I T E s 8 6 )  T I T L E  SO 308 
00 53  IllrNP SO 309 
YPS t I)=YY( I) SO 310 
IF [THETA (I ) e L E . 0 1 1  YN( I )m-YN(I  ) SO 311 
Tl~APS(THETAl1)I SO 312 
IF (T1.6TePI21 GO 10 4-d SO 313 
GD-CONS*SIN(Tl) S O  314 

SO 315 GPP~CbNS*COS(Tl) 
GO TO 50 SO 316 
DIf~CCSH(Tl-PI2I SO 317 
DELTA-S INH(TI-PI2) SI! 318 
GP -CONS I D  I F SO 319 
SPP=-CONS*DELfAI~OIF*DIF) SO 320 
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L I S T I N G  OF DECK: SROXY PA6E 9 

C IRD K O o  

321 

325 

3 30 

3 35 

340 

343 

350 

3Sf 

360 

50 

51 

52 

53 

C 
C 
C 
C 

C 

C 

C!iECK FOR INTERSECTION OF UPPER AND LOUER SIRFACES 

DFFINE ITERATION INTERVAL 
R f= 100 1 

) r l = t * U Q f  
f€*THETAt NP) 
fN*-THE T I  t 1) 
I F  I fNoLToTE)  TEmTN 
D I F ~ f F l F L O A T t K R T - 1 )  
BB*OoS*DIF 
AArOof?S*TE 

TP=fN=O 0 
YL l = Y U l  =YSROtNOSC 1 

J 1 .NOSE 
52.2 

00 50  f l 2 r N l  
I F  fTP.LC.AA) TN-TN+DIF 

f I = T N  

00-LOOP TO SEARC:i FOR INlERSECTIOh 

I F  ( 1 P . G f o A A )  TN=TN+BB 
I F  tTN.C-?,TE) GO TO 61 

FINO UPPER f U R F A C E  Y-CC!DRbfNLfE AT THETA = TH 
DO 54 Km31.NP 
J=N-1 

S O  337 
so 338 
SP -I 3 .. t ,u 
i J  . * 
so -.+. 
SI4 A 3  
so 3 4 4  
so 345 
so 346 
so 341 
SO 346 
so 349 
S O  350 
SO 3 5 1  
SO 352 
so 353 
s.! 3 5 4  
s o  355  
so 356 
so 357 
so 358 
so 359 
SO 360 



L I S T I N C  OF DECKS SNOXY PA6E 10 

CARD NO* 

3 6 1  
54  
55  

365 

3 70 C 

375 56 
57 

3nO 

385 

390 

395  

400 

C 
C 

C 
C 

C 
50 

59 

60 
C 
C 

I F  ( T I . 6 F . T H E T A ( J ) * A N D . T ~ * L € * T ~ E l A ( ~ + ~ ~ ~  GO TO 5s SO 361 
CONTINUE SO 362 
DELTA=THE T I (  J + 1  )-THETA t J )  S O  363 
T 2 =THFT A t J + 1  ) -T I  SO 364 
Tl=TI -THETA(J  1 SO 365 

l L ~ A ~ - T l * D E L T A I 6 o ~ + ~ Y S ~ O ~ J ~ * T 2 + Y S ~ O ~ J + l ~ * T l ~ ~ D E l T A  SO 367 
SO 368 J1.J 

I F  tJ1oLToNOSEI J l rNOSE SO 369 
S O  370 

TI .-TN SO 371 
DO 56 V.J~INOSE SO 372 
J=NOSE+l-K so 373 
IF ~ T I . G E ~ f H E T A ~ J ~ ~ A N D ~ T I ~ L E ~ T H E T A ~ J + l ~ ~  GO TO 57 so 374 
CONTIMJE so 375 
D E L T A = T H E T I ( J + l ) - T H E l A ~ J )  SO 376 
TZ=THETA( J + l ) - T I  so 377 
11.1 I-THETA(  J 1 so 378 
YL 2mYPP S t J I* (12-3 I ( 60 *DELTA )-I Z*DELT4 160 1 +vPPS J+1) * t T l * * 3 /  (60  *DE S O  379 

l i T A ~ ~ T l * D E L T A / 6 o ~ + ~ Y S H O ~ ~ ~ * T Z + Y S ~ ~ ~ J + l ~ * T l ~ / D E L T ~  SO 300 
SO 301 J t - N O f E + l - J  

IF ( J 2 0 L T * Z )  J2.Z SO 302 
COPPUTE THETA FOR KNTERSCCTfON OF C T P l I G M T  L I N E  SEGMENTS THRU S O  383 
LAST TWO POINTS ON EACH SURFACE so 384 

C C ~ ( ~ U 2 - v U 1 - Y L Z + Y L l ) / ~ T N = T P )  so 385 
I F  ( A J S ( C C ) * L f * l * E - l O )  GO TO 58 S O  30b 
T 1 = ~ Y L 1 - Y U 1 ~ I C C * T P  so 387 
I F  ( I * E Q * Z )  GO TO 58  SO 380 

CHECK TO SEE I F  INTERSECTION THETA 15 8FTYEEN THIS TN-VALUE SO 389 
AND THE PREVIOUS TN-VALUE SO 390 

I F  ( 1 l ~ C E ~ T ' ~ A N C ~ T l o L E . T N )  GO TO 60 S O  391 
CONTINUE TO NEXT TN-VALUE SO 392 

YU 1 = VL'2 so 393 
Y 1 1-YL2 so 394 
TPmTN , so 3 9 5  
CONTINUE S O  396 
60 TO 6 1  so 397 

SO 398 I F  ( T l * G E * T E )  GO TO 61 
I F  INTEPSECTION OCCJRS WRITE ERROR MESSAFF AND RETURN TO so 399 
CALLING PROGRAM SO 400 

Y U 2 ~ Y P P S ~ J ~ * ~ f 2 * * 3 / ~ 6 ~ * D E L T A ~ ~ T 2 * D E l T A I 6 ~ ~ ~ Y ~ ~ ~ ~ J ~ l ~ * ~ T l * * 3 / ~ 6 ~ * D E  S O  366 

FIND LOVER SURFACE Y-COORDINATE AT THFTA - TN 
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L I S T I N G  OF DECW: S I O X Y  

CARD NO. 

401 

405 

410 

4 1  5 

4 2 0  

425 

430  

433 

440 

C 
C 
C 
61 

62 

63 

64 

65 

66 

C 

67 
6 8  

11 = T l * R A D  
U S I l E  f J Y R I T E r 7 2 )  T I  
IERR.1  
R E  TURN 

F I N O  LOCATIONS W E R E  OY101.00 

f 5  *c1 
SO 402 
SO 403 
SO 404 
SO 405 
SO 606 
so 407 
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CARD MOO 

4 4 1  

69 

445 70 

C 
C 
C 

450 

455 

460 

465 

4 7 0  

475 

400 

C 
C 
C 
71 

C 
72 

1 3  

74 
75 
76 
77 
78 

79 
80 

e 1  
82 
03 

84 

UK( I r l )  mWK( 18 l)*RAD SO 4 4 1  
O€LTA.THETA t J2 )-THE TA t J 1) SO 442 
W K ~ 1 ~ 3 ~ ~ Y P P ~ ~ l ) + ~ M + * 3 / ~ 6 o * D E L T A ~ ~ A A ~ € l T A / 6 o ~ + Y P P ~ J 2 ~ * ~ O ~ + * 3 / ~ ~ o *  SO 443 

~ ~ E L T A ~ - ~ ~ ~ D E L T A I ~ O ~ + ~ Y S ~ ~ J ~ ~ * A A + Y S M O ~ J ~ ~ ~ ~ ~ ~ / O E L T A  so 444 
CONTSWE SO 445 
If (KRT*6ToO) WRITE (JYRITE.90? ( Y K ~ I ~ 2 ) ~ ~ ~ 1 ~ 3 l ~ Y K ~ I ~ l ~ r I ~ l ~ K ~ T ~  SO 444 

SO 447 
PRINT RESULTS Of SMOOTHNESS CHECK SO 448 

SO 449 
I F  (ITEReEOoO) RETURN SO 450 
YRITf  ( J Y R I T E r O l )  TITLEsOF SO 451 
YR ITE t J U U f T E r 9 2  1 t 1. A t 1rl) r A t  1r 2 Br 1 ~ 1 r  NP 1 SO 452 
WRITE (JYRStEr93 )  SURlrSU112 SO 453 

so 455 
PRINT YIRNINC MESSASE I F  tRROR OCCUR(IO0 I N  CALL TO CSOS SO 456 

so 457 
U I I T E  ( JYRITE,94) IERR 
RE TURN so 459 

SO 460 
FORMAT (ISXrlO8HERROR MESSAGE - f ~ O O T H f N 6  PROCESS RESULTED .N SO 461 

1AN INTERSECfION O f  THE UPPER AND LOWER SURFACES AT THETA m*FlOoJ) SO 462 
FOPMAT ~ l H l r l X r 7 H T ~ ~ L E - r 2 X r 8 A l O / I l Z X r 6 2 M ~ ~ C H € ~ U  Of F IRST D L R I V A T I  SO 463 

l V E f  GENERATED FROM IOP.2 INPUT D A ~ A ~ I I I 9 W r 1 M f r 5 X r l 2 H D Y / D T ~  INPUTBr SO 464 
Z ~ X ~ ~ ~ H D Y / D T ~ C S D ~ ) ~ ~ X ~ ~ H D I F S ~ X ~ ~ ~ ~ D Y I D ~ ~ L S O S M O ~ ~ O X S ~ H D I ~ / ~  SO 46s 

FORMAT (5x8 151 5tsX,F10 061 1 SO 466 
CORPAT ( I 2 3 X r l 6 H S U I  Ob SOUARES ~ D ~ X ~ F ~ O O ~ ~ ~ O X I F ~ ~ O ~ )  SO 467 
FORMbT ( / ~ O X S ~ ~ H O U ~ P U T  FROM CSDS SElECTtO) SO 468 
F O R M 1  (I~OXIZ~NOUTPUT FROM LSUSHO SELFCTED) 
FOW AT 1 WS 1x8 7 H f f  TLE-8 2 XI 84101 /30)113 3WnsSR OF SQUARES SENE RATE SO 470 

10 DURIW6 SMOOTHIN6 PUOCESS--i SO 471 
F ORMAT ( I lI! # IS s 1OF 1 2  7 1 SO 472 
FORMAT ~ ~ ~ ~ ~ ~ ~ X S ~ H ~ I T L E ~ ~ ~ X ~ ~ A ~ O / / ~ O X S ~ ~ ~ S E C O N ~  DERIVATIVES Y I R  SO 473 

lTH€TA CENERA?CD OUtING SHOOTHIN6 P R O C ~ f f n ~ C X ~ ~ H f r 5 X r S H T H E T A r 1 0 ( 5 X  SO 474 
216HbY210T)I) sc 475 

FORMAT 4 I S r F 1 0 o t  10) 11 06) SO 476 
FOWAT ( / l X r 1 4 H S U I  OF S O U A R € t r ( l O F l l o 6 ) )  so 477 
FORMAT ~ / 3 X r l l H S W O O T H I ~ G  PROCESS HAS NOT COMVCR6EO A F T E R s I ~ s ~ X ~ ~ O H  SO 473 

l I T E R A T 1  OMS) so 479 
FORMAT t 13x9 3 3 H S ~ O O l H I N 6  PROCESS CONVERBED AFTER# 1% l X r l O H f T E R A T I 0  SO 480 

RETURN sa 454 

so 458 

sa 469 

88 



L I S T I N G  OF OECWr SHOXY 

C A R 0  NO. 

4 8 1  
n5 

86 
4R5 

81 
88 

BY 
90 

490 

91 
495 

9 2  
93 
94 

500 

PA66 1 3  

89 



ORIGINAL PAGE Is 
OF POOR QUALITY 

L I S T I N 6  OF DfCWt YNCY PAC€ 1 

CAOD NO. 

1 SUBROUTINE YN€li t TWETAr YPPDYDNOSEDNP.YLTE mvuOSE.YlJl€D EPSSDUWD YKD JY YY 1 

10 

15 

C 
C 

4 C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

20 

25 

30 

35 

40 

C 
C 

C 
C 

C 
c 

1 R f f E ~  I P  1) 

ROUTINE TO COMPUTE NEU Y/C COORDINATES USING AN ITERATION 
PROCEDURE THAT INSURES A DESIRED Y l C  CIIfVRDINlTE AT THE NOSE 
( I P t = O )  OR THAT INSURES CONTIWUITY OF TYL FIQW DERSVATIVE W R  TU 
THETA AT THE NOSE ( I P T - 1 )  

COOED BY - HARRY ZCRCAN NAfAlLARC/TAD/AAb i 9 e 2  

D1)rENSION THETA. YPPD YD AND DUN BY NP LWD YK BY 2WP I N  
C I L L  I N 6  PR06RAM 

OINFNSION TH€TAtl).  Y P P ( l ) r  Y t l l ~  OUHtl) ,  Y K ( 1 )  

I M I T I A L I Z E  I f € R A T I O N  PARAHETERS 

NWAX=I(I 
N1.-1 

T l ~ T H € T A ~ N O S E ~ - T H E T A ~ M O S E - l ~  
T2= THE1 A t  NOSE + A )-THE TA 4 NOSE D 
DO 1 fm1sNP 
DUM( I).YPPtI 1 

ITERATION LOOP TO COMPUTE INCREWENTAL ADJUSTMENT TO SECOMO 
OFRIVATIVE TO INSURE THAT THE DESIRE0 COWVESGPNCE OPTIOW AT 
THE NOSE IS OBTAINED 

Nl.Nl*l 
IF (N1.6T.NMAX) 60 TO 11 
I F  (IPT.fO.1) 60 TO 3 

OE L T  A m 0  

I F  IPT.0, COMPUTE UPPER AND LOYER SURFICE Y l C  COORDINATES 
CONCURRENTLY 

COWPUTE O I F F E R E X E  I)ETYEEN OUTPUT AND DESIRED Y/C COORDINATE 
AT THE NOSE 

DIF~Y(NOSE)-YNOSE 
GO TO 4 

CALL fNVY (TH€TArDUp, 1rNPiYmYLTE~YUTEmWU) 

IF 1 P l . l ~  COWPUTE UPPER AND LOYER SURFACE V l C  COORDINATES 
CONSECUTIVELY 

YY 2 
YY 3 
YY 4 
YY 5 
YY 6 
Y Y  7 
YY 8 
YY 9 
YY 10 
YY 11 
YY 12 
YY 13 
VU 14 
YY 15 
YY 16 
YY 17 

YY 19 
YY 20 
YY 21 
YY 22 
YY 23 
Y Y  24 
YY 25 
Y Y  26 
YY 27 
YY 28 
Y Y  29 
YY 30 
YY 3 1  
YY 32 
YY 33 
YY 34 
YW 35 
YY 36 
YY 37 
YY 38 
YY 39 
YY 40 

YY i e  



ORK~VAL PAGE WI 

PACE 2 
OF POOR W B L ~  

L I S T I N G  OF DECWt YNFY 

CAPO NO. 

4 1  

4s 

50 

5s 

60 

64 

70 

7s 

eo 

3 

C 
C 

C 
4 
c 

5 

6 

C 
7 
8 
C 

C 
C 
C 
9 
C 

10 

C 
C 
C 
11 

CALL INVY (THETA, DUM@ NOSE,NPr Y r  YNOSEP YUTFs YK 1 
CALL INVY ~ T H E T A P D U M ~ ~ ~ N O S E P Y ~ Y L ~ E P Y N ~ ~ ~ ~ Y ~ )  

COWPUTE DIFFERENCE BETWEEN UPPER AND LOVER SURFACE F IRST 
DERIVATIVES AT THF NOSE 

AA.-DUm (NOSE )*T2 /3.-OUM(NOSE+11 *12/60+( Y (MOS€+l)-Y (NOSE 1 1 I T 2  
L 0 ~ D U R ~ N O S E - 1 ) * T ~ I 6 . + D U M ~ N O S E ) * T l ~ 3 . + ~ Y ~ N O S € ~ ~ Y ~ N O S E ~ l ~ ~ / T l  
DfF*AA-B0 

CHECK FOR CONVERGENCE 

COWPUTE ADJUSTNENT VALUE TO SECOND DERIVATIVE 
I F  (ABStDIF)oLE.EPS) GO TO 9 

I F  ( N l o L Q o O )  GO TO 6 
I F  (OIFoEQoDIFP) GO TO 5 
SP-(DELTA-DELTAP)f (DIF-DIFP 1 
DE LTAP-DE LTA 
01 FP 41 F 
DE 11) -0 EL TA-0 I F S P 
GO TO 7 
DELTA~O.5*(0ELTA+OELTAP) 
GO TO 7 
DE 11 AP- DELTA 
DI FP r D 1  F 
DELTb=DELTA+DIF 

DO 8 I . l rNP 
D U H ( f ) ~ Y P P ( I ) + D t L T A  

GO TO 2 

ADD riDJUSTMENT VALUE TO SECOND DERIVATIVE 

CONTINUE TO ITERATE 

P Q r w  CONVERGENCE MESSAGE 

URITE t J Y R I T E r 1 4 )  N l r b E L T b  

DO 10 I m l r N P  
REDEFINE THE SECOND DERIVATIVE 

YPP( I =Dun( I 
I F  t I P T o € Q o l )  GO TO 1 2  
60 TO 1 3  

PRINT NON-CONVERGENCE MESSAGE 

Y1.Nl-1 

YL 
YY 
YY 
YY 
Y Y  
YY 
YY 
YY 
YU 
Y Y  
YY 
Y Y  
YY 
Y Y  
YY 
YY 
YY 
Y Y  
YU 
YY 
YY 
YY 
YY 
YY 
YY 
YY 
Y Y  
Y Y  
YW 
YY 
YY 
Y Y  
YY 
YY 
YU 
YY 
Y Y  
Y Y  
YY 
YY 

4 1  
22 
23 
44 
4 5  
26 
47 
48 
29 
50 
51 
5 2  
53 
54 
5 5  
56 
57 
50 
59 
60 
61  
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7 5  
76 
77 
78 
79 
eo 



L I S T I N G  OF DECK: YNEY ?h6E 3 

CARD NO. 

81 
C 
C 
C 

C 
R5 1 2  

C 
C 
1 3  

90 C 
1 4  

13 
95 

WRITE ( J Y R I T E B ~ S )  N 1  YY 8 1  
YY 82 

COPPUTE NEW UPPER AND LOWER SURFACE Y I C  COOROINATES CONCURRENTLY YW 83 
Y Y  84 

CALL INVY ( ~ H E T A ~ Y P P B ~ ~ N P ~ Y , Y L T E ~ Y U ~ E ~ W K ~  YY 85 
Y Y  06 

RETURN TO CALLING PROGRAR Y Y  87 
YY 88 

RE TURN Y Y  8 9  
vu 90 

FORWAT ~ / 3 % ~ 8 @ H f T E R l T I O N  PROCEDURE TO CnNWJtE IWCRE~ERTAL ADJUSTHE Y Y  91 
1NT TO SECOND DERIVAPIVE CONVERGED I N  ,13,23H ITERATIONS AND DELTA YY 92 
2m~E12.4 1 YW 93 

FORMAT ( ~ I I I O X i Q O H W A R N I N G  THE COLLOYfN6 ERROR MAS OtCURRhD/13X,9SH YY 94 
1ITFQATION PROCE6URE TO CORPUTE INCREMENTAL ADJUSTPENT TO SECOND BE VU 95 
2RIVATIVE 016  NOT CONVERGE IN r I 3 ~ 1 1 H  ITERATIOMS1 YY 96 

END YY 97- 

92 



LISTTNG OF DECKt INVY 

CARD NO.  

1 
C 
C 
C 

5 C 
C 
C 
C 
C 

C 
C 
C 

10 

15 

2 0  

2 5  

30 

3s 

40 

C 
C 
C 

1 
C 
C 
C 

2 
C 
C 

SUBROUTINE INVY t XI VPPIN$,NE,Y, YST ART# Y€NOI A 1 

THIS ROUTINE ConPu iEs  Y VALUES FROH KNOWN s ~ c o r m  DERIVATIVES ANO 
END CONDITIONS 

CORED BY -0 MARRY H O R 6 e N  NASAfLARCfT4b lA46 1982 

I N  CALLING PROGRAI  OInLNSION X, YPPI A M 0  Y BY NE AMD A BY 2+NE 

OfMNSION X ( 1 ) r  YPP( l ) ,  Y t l ) r  A(NE02) 

SET Enb c o n w m s  
Y (us )=Y START 
YINE)=Y€NO 

PERFOaR F O R Y I R D  E L W I N I T I O N  

A t  l n  1 ) B Y  5 TART 
A (  l r2)=0.0 
N=NE-NS*l 
N1.N-1 
DO 1 1 ~ 2 r N l  
J=NS* I - l  
H1.X (J)-X( J-1) 
H2-X ( J + l ) - X  (J )  
C=(Hl*YPP (J-1) I6.+(H1+H2)*YPP (J 1 /3.+Ht*YPPt J 4 l )  fb. )*Hl+H2 
D=-H2*tA(I- l r2)+1.) 'Hl  
A t  I r  t).H1fD 
A t  I s  1). (C-HZ*A( 1.1~ 1) 110 

P E R F O W  BICK SUBSTITUTION 

J=NE 
DO 2 I m 2 r N 1  
J-J-1 
N=W-1 
Y ( J )  =A(Nr l ) - A ( N r t ) * Y (  J+1) 

RETUPN TO CALLING PROGRAH 

PA6E 1 

I ' J  1 
I V  2 
I V  3 
I V  4 
1v 5 
I V  6 
I V  7 
I V  8 
I V  9 
I V  10 
I V  11 
I V  12 
I V  13 
I" L4 
I Y  1 5  
I V  16 
I V  11 
I V  18 
I V  19 
I V  20 
I V  2 1  
I V  22 
I V  23 
I V  24 
i v  25 
I V  26 
I V  27 
I V  28 
I V  29 
I V  30 
I V  3 1  
I V  32 
I V  3 3  
I V  3 4  
1v 35 
I V  36 
I V  3 1  
I V  38 
I V  39 
I V  40 

93 



L I S T I N G  OF OCCK: INVY 

4 1  C 
R F TURN 
END 

ORIC3;1NAL PAGE IS 
8F POOR QtiALlTY 

PAGE 2 

I V  4 1  
I V  42 
I V  43- 



L I S T I N G  OF DECK1 L S O S W  

CARD NO. 

1 

5 

10 

1s 

20 

25 

30 

35 

40 

C 
C 
C 
C 
C 
C 

C 

C 

C 
C 
C 

1 

C 
C 
C 

C 

2 

3 

4 

ORIGINAL PAGE Is 
OF POOR QUALITY PAGE 1 

SUBROUTINE LSOSMO t X#Y#Y#YN8YPr YPPrNs IMAM, J W A X r  NOSE# UT, EPSr IEUR) LM 1 
LM 2 

THIS  SUBROUTIN€ IS USED TO SHOOTH X AND Y BY ~ONSECUTIVELY F I T T I N G  Lrl 3 
A LEAST SOUARES POLYNOIIIAL OF DEGREE 4 THRU 1 POINTS AT A TIME LM 4 

LN 5 
CODED BY 0- HARRY MORGAN NASA/LARC/fAD/AA@ 1902 LM 6 

LM 7 
DIRENSION X ( l 1 ,  Y ( l 1 r  Y t l l r  YN(I1, Y P ( l ) r  YPPtlI LN 0 

L M  0 
DINENSION X I ( ? ) ,  Y I ( ? ) r  Y Y ( 7 l s  A(5rb)P B ( 5 1  in io 

LM 11 
C O W O N  / INOUT/ J R E A D r J Y R I T f ~ I P R I N T  LM 12 

CHECK NOSE REGION FOR SYHWTRY 

ISYH.1 
00 1 Imlr3  
IF t A B f ~ X ~ N O S E ~ I l + X ~ N O S E * f ) ) . G f r C P S ~  TSYM.0 
I F  ~ABS(Y~NOSE~I)+Y(NOS€+Il~oGT~€PS) tSYn.0 
CONTINUE 
IERP-0  

F I T  A l € A S T  SOUARES POLYNONXAL OF DEGPE€ 4 TYQU 7 POINTS 

00 14 I.1.N 
LOAD 7 POINTS FOR LEAST SQUIRES POLYWO~YAL FIT 

I F  f I o L T o 4 )  GO TO 2 
I F  ( IoGToN-3)  GO TO 3 
J1.I-3 
J2=1+3  
GO TO 4 
J1.1 
J 2.1 
GO TO 4 
J1.N-6 
J2.N 
KK.0 
IF (1SYMoFO.OI GO TO 7 
I F  ~ 1 o G T o N O S E ~ 3 ~ A N D ~ I ~ L E . N O S E l  60 TO 5 
IF ( I o L l ~ NOS€+3~ANDoI~GT~NOS€l GO TO 6 

LM 13 
LM 14 
LM 15 
LM 16 
LM 17 
LM 18 
Lt! 19 
111 20 
LN 21 
LM 22 

LM 24 
LM 25 
LN 26 
LM 27 
LM 28 
LM 29 
LM 30 
LM 3 1  
LN 32 
LM 33 
LM 34 
LM 35 
LM 36 
LM 37 
Lrl 3 0  
LM 39 
LM 40 

i n  23 



ORIQNAL PAGE IS 
OF POOR QUALITY 

L I S T I N G  6, DC '1 LSOSRC P&CS 2 

CARD NO1 

4 1  
5 

45 6 

7  

50 

>I 

60 

65 

70 

75 

eo 

10 

11 
C 

12 

LH 4 1  
LR 42 
LH +3 
L M  44 
LN 45 
LM 46 
LH 47 
LM 48 
LM 49 
Ltl so 
LN 5 1  
LM 52 
LM 53 
Lll  54 
LR 56 
LM 56 
LM 57 
LH 58 
LN 59 
LH 60 
LM 61 
LM 62 
LN 63 
LH 64 
LH 65 
LM 66 
LH 67 
LN 68 
LH 69 
i n  70 
Lri 7 1  
LH 72 
LM 73 
l h  74 
Lfi 73 
L I  76 
LM 77 
Ln 78 
LM 79 
LM 80 



LfStIMG OF O f C K t  LSOSRO PACE 3 

LH 81 

LH 83 
Ln 84 
LH e5 

LH 87 
Lll 88 
LH 89 
LH 90 
LH 91 
LH 92 
Ln 93 
LW 94- 

LH e2 

Ln 06 

97 



35 

40 

C* 
C* 

5 C*  
C* 
C* 
C* 
C* 

10 C *  
C *  
C *  
C* 
C* 

14 C* 
C *  
C* 
C* 
C* 

2a C *  
C +  
C *  
C* 
C *  

2 5  C *  
C*  
c*  
C* 
C* 

30 C* 
C* 
C *  
C* 
C* 
C* 
C*  
C *  
C *  
C*  
C* 

PURPOSE8 

USE : 

PAX 

I X  

X 

F 

OF 

S 

I P T  

CS 
cs 

SUBROUTINE CSDS F I T S  A SWOflTM CUBIC SPLINE TO A CS 
UNIVARIATL FlJNCTfMr. DATA NAY BE UWEQUALLY SPACED. C S  

cs 
cs 

CALL C S O S f ~ A X r I I ~ ~ r F ~ D F r f r I ~ T ~ c ~ € F ~ U W r I E R R 1  cs 
CS 

INPUT INTEGER SPECIFYIWC THE C A X I I I W ,  NU118PR OF DATA CS 

3 * 
5 
6 
7 
8 
9 

1: 
11 

POINTS-FOR THE INDEPENDEW VARIME.  

INPUT INTEGER fPECIFY lN6  THE ACTUAL NWBER OF DATA 
POINTS FOR THE 1ND€PENDENT VARIABLE. fX3MAX. 

ONE-DIIENS1ONAL INPUT ARoAY lUWYSIOWEO AT LEAST 

X t I 1  MUST CONTAIN TH€ VALW OF TH€ IWDEPENDENT 
I X  I N  THE C A L l I N G  PROGRI*. UPON ENTRY TO CSDSp 

VARIABLE AT POINT I. 

ONE-DI!%NSIONAL INPUT ARPAY DfPENSSlONCD AT LEaST 
I X  I N  TYE CAL l ING PROGIAH* UPON ENTFY TO CSDS, 
F ( I 1  MUST CONTAIN THE VALUE 9F TYE FUNCTION AT 
POINT X t 1 1 .  

Oi~E-DIII€NSfONAL INPUT ARRbY DIWEWS IOWLD AT LEAST 

D F t I )  MUST CONTAIN AN ESTIUA?F OF TME STANDARD 
I X  I N  TYL C I L L I N G  PRObRA*. UPnN €NTRY TO C S D f r  

DEVIATION OF F ( I 1 .  

A WON-NECi . IVE XNPUT PARARETEB WHICH CONTROLS THE 
EXTENT OF SHOOTYING. 5 SHtWlF BE I N  THQ RANGE 
t I X - t  t * I X  1 *** 51<f<t sx*  t 2+1x1** . 31 

INPUT I W f f I A l I Z A T I O N  PARAMETER. THE USER MUST 

INPUT. THE ROUTINE WILL ALSO CYECK TO INSURE TWIT 
THE X ARPIY I S  I N  STRICTLY IYCREASINC ORDER. 

SPECIFY 'PT*-1 UHENEVER A MEU X I R I A Y  I S  

Cf 12 
CS 13 * CS 14 
CS 15 
CS 16 
CS 17 
c s  18 
C S  19 
C f  20 
cs 21  
C f  22 
CS 2 3  
CS 24 
Cf 23 
CS 26 
C S  27 
cs 28 
CS 29 
C S  30 
c s  31 * CS 32 
cs  33 
c s  34 
Cf 35 
CS 36 
c s  37 * C t  38 
cs 39 * CS 40 



1ISTTNG OF DECK8 CSOS 

3RIG1NAL PAGE IS 
OF POOR QUALITY PA6E E 

CAPD NO. 

4 1  

45 

50 

55 

60 

65 

70 

c* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C@ 
C* 
C*  
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
e* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 

C W F  A TWO-DIILNSIONAL OUTPUT ARRAY O~MENSIOWEB ( ~ A X D ~ )  CS 4 1  
I N  THE CALLIWG PROGRAM. UPON R E M U 8  C O E F ( I r J 1  cs  22 

T U  INTERVAL BE6fWNING AT @OIW X(I).  THE * cs  44 
fUHCTIONAL VALUE OF THE SPLIWE AT ABSCISSA X t r  c s  25 
WHERE X (  1 )*XlaX( 1+1 Ir IS CXVFN BY8 * CS 46 

F ( X ~ ~ . ( ( C O ~ F ( I D ~ ~ ~ ~ + ~ ~ ~ F ( ~ D ~ ) ~ * ~ + ~ ~ ~ F ( ~ ~ ~ ~ ~ * ~  * cs  47 
* C O E F ( I r l )  CS 48 

WHERE H m X l - X t I )  * cs 49 
cs  50 

YK A ONE-DIRENSIONAL YORK AR€A ARRAY bIR€NSIONED AT CS 5 1  
LEAST (7*1X+91 I N  THE CALLIMG PROGRAM. CS 52 * cs 53 

ZERR OUTPUT ERROR PARAMfER 8 cs 54 
.O NORRAL RETURN. NO FRROR OETOCTED. C S  55 
.J THE J-TH ELEMENT 3F Tr(€ Y ARRAY I S  NOT I N  CS 56 

STRICTLY INCREASING OROER. CS 57 
0.1 THERE ARE L€SS THAN FOUR VLLUES I N  THE X ARRAY.* CS 58 

C f  59 
UPON RETURN FROR CSDS, THIS PARAMETFP SHOULD BE * CS 60 
TESTED I N  THE CALLIYG PROGRAM. CS 61 

CS 62 
CS 63 
CS 64 

REOUIWD QOUTINES -NONE CS 65 * CS 66 
SOURCE I M S L  @OUTIN€ ICSSMU MODIFIED BY * CS 67 

CORPlJTER SCIENCES CORPORATION CS 68 
CS 69 

LAW6UAGE -FORTPAN C S  70 
CS 71  

DATE RELEASED SEPlFMWR 5, 1072 cs  72 
cs  73 

CONTAINS TH€ J-TH COEFFICIFWT OF WE SPLINE FOR e cs  43 

C*  L l T E S f  REVISION MARCH 1075 CS 74 
73 C***O*.*+****************~*****************.*.****~*.********~********** cs  75 

C CS 76 
C c s  77 

DIMENSION Xf1 ) r  F ( l 1 r  0FtlS1 CO€F(HAX8Z), U K ( 1 )  cs  78 
c C S  79 

80 C SET UP YnRKINC. AREAS 6s 80 

99 



ORIOINAL P m  tS 
OF POOR QUALITY 

LISTING OF DECK: CSbS 

CARD NO. 

95 

100 

1 0 5  

110 

1 1 5  

120 

8 1  C 
IERR=O 
I F  f lPToMEo-1)  60 TO 4 
I P T - 0  

60 TO 2 
1 IERR=-1 

R E W W  
2 I x I= I X - 1  

I ERR=I+ 1 
RE TURN 

3 CONTINUE 
N P l = f X + l  
I I l .NP1 
I92=191 WP1 
183=1B2+WPl * l  
I9 4.1 B 3+WP1 
1 9 5 ~  I B4+N P 1 
196= I(r5 +NP1*1 

85 I F  (IX.LT.4) GO TO 1 

90 DO 3 1=i81ri 
I F  IX t I+ l ) -X ( I ) .GToO)  60 TO 3 

YK t 1) =O 
YK (2?=0 .  
YK t 182) =O. 
YK( IB3)*0 .  

YK(IJK2)-Oe 

YK 4 1 JPS 1 0. 

YK t I JKS 110. 
YK t 1861 -00 

YK t I JK5 10. 

P-0. 
H.X(Z)-X(l) 
F t m - S  
F F = ( F f P ) - F ( l ) ) I H  

I J K t = f B Z + N P l  

I J P 3 = Y B S + l  

I J K S - I B 5 + t  

I J K S = I 9 5 + N P l  

4 CONTINUE 

IF fIX.LT.3) 60 TO 10 

PAGE 3 

C f  8 1  
c s  82 
cs  83 
C f  BC 
C f  05 
C f  86 
c s  87 
cs 88 
cs  89 
CS 90 
C f  91 
CS 92 
C f  93 
C f  94 
C f  95 
CS 96 
cs 97 
cs  98 
C f  99 
cs  100 
e t  101 
c s  102 
C f  103 
C f  104 
cs  105 
CS 106 
CS 107 
C S  108 
Cf 109 
C f  110 
cs 111 
CS 112 
C t  113 
cs 114 
C f  115 
CS 116 
C f  111 
C f  110 
C f  119 
C f  120 



L I S T I N G  nF OECKI CSFS 

CARD NO* 

1 2 1  

1 2 5  

1 3 0  

1 3 5  
5 

1 4 0  

6 
C 

1 4 5  C 
t 
7 

1 5 0  

1 5 5  

1 6 0  

ORlGlNAL PAGE IS 
OF POOR QUALITY 

00 4 113r IX  
G=H 
H = X t I I - X t I - l l  
€ = F F  
F F ~ t F t I l - F t I - l l l / H  
CO FF t 1-1 e 1 t=FF-E 
I J W 3 * f B 3 + I  
Ur(!JY3)*(G+H)*.666666~6666667 
I J K 4. I B  4+ 1 
N K ( I J W 4 l - H / 3 o  
t J k 2 = I B t + Y  
UK ( Y  JKZ ) * O F (  1-21 / G  
UK t I l = D F (  I I I H  
I J K 1 - I 9  1+I 
UK t I J K l  )*-OF f Z - 1  I /+Of t 1-1 1 I H  
CONTINUE 
DO 6 I m 3 r I X  
I J K Y  = f B l + I  
I J K 2 * 1 8 2 + 1  
C O E F ~ f - l r 2 l ~ U Y f f l * Y K ~ I l + U K ~ I J K l l * U K ~ Y J K l ~ + U ~ ~ I J ~ 2 l ~ M K ~ I J K 2 l  
COFF t I- l e  3l4K ( I I +YK ( I J K l t l  )*YK ( I J K l  ) W K t  I J U t t l )  
COFF ( I - l r  4) *YK(  I l * Y K  t I JK2+2)  
CONTINUE 

NEXT I f E @ A T f W  

I F  (I 

IJWl= 
I J Y O =  
Y K t I J  
I J K 2 -  
I J K O =  
U K t I J  
I J K O =  
1JC3-  
U K t I J  
I J K 5 =  
IJKN= 
I J K O =  

DO e 
l.LT.31 GO TO 10 
:-3* I X  
B l + ! - l  
'- 1 
:l  l=FF*WK( IJKOl  
:B2+1-2 
,- 2 
'2  1 G*YK t I J KO I 

e 341 
:O )=I .  It P*COEF( 1 - 1 * 2 l + Y K  ( I  JK3 )-FF+YK 1 I JWP )-6*YK t I JK2 I I 
9S+I 
J K S - 1  
'JKN-1 

PA6E 4 

cs  121 
CS 1 2 2  
CS 123 
CS 1 2 4  
CS 1 2 5  
CS 1 2 6  
CS 1 2 7  
C f  128 
CS 129 
C S  1 3 0  
CS 1 3 1  
C3 132 
CS 1 3 3  
C f  1 3 4  
CS 1 3 5  
C S  1 3 6  
C f  1 3 7  

CS 1 3 9  
C f  1 4 0  
CS 141 
C f  1 4 2  
CS 1 4 3  
C f  1 4 4  
C f  1 4 5  
C f  1 4 6  
C S  1 4 7  
C S  1 4 8  
cs 1 4 9  
CS 150 
c s  1 5 1  
cs 1 5 2  
C f  1 5 3  
CS 1 5 4  
CS 153 
CS 1 5 6  
CS 1 5 7  
C f  1 5 8  
C S  1 5 9  
CS 160 

c s  1 3 8  



ORIOlNAL PAGE 1 
OF POQR QUAL'P 

L I S l I ~  OF DECK: CSDS 

CAPO NO. 

161 

165 

170 

175 

1 BO 

1 8 5  

190 

195 

200 

8 

9 
IO 

C 
C 
C 

11 

YK f I JKS )*COEF f I - 1 ~  1 I-WK f I J K l  )*YK f IJKN)-YK f I JK L I W K  f 1 JKO) 
I JKC*IB4+1 
F F*P*COEF f 1-19 3 ) W K  : 1 JKQ)-H*YKf I J K 1 )  
6.H 
H*COEFf f - l i 4 ) *P  
CON1 IYUC 
00 9 1 0 3 ~ I X  
J=IX-1+ 3 
JJK5*1B5*J 
I J K 6 * 1 J K S + l  
I J K T = I J K 6 + 1  
I J K l * I I l + J  
I J K t = l B i + J  
YK f I JK% I *YK t J I *YK f I J K 5  1-YK f I J K l  I* YK f 1 J K 6  )-YK f I J K Z  )*YK f I J K 7  1 
CONTINUE 
E m 0  
H=O 

CONPUT€ U AM0 ACCUWULATE E 

DO 11 1*291x 
6.H 
fJKS=I83+1 
H * f W K f I J K S + l ~ - W K f I J K 5 ~ ~ ~ f X f I ~ ~ X ~ I ~ l ~ ~  
I J1(6*1B6+1 
~KfIJK6J*fH-6)*DFff-l~*DFfI-l) 
ErE+UKfIJK6)*(H-6)  
CONT IWUE 
6m-M*DFf  I X ) + D F f I X )  
I JK6=186+NPl 
YK f I JR6 1 *G 
E E-G*H 
G=F2 
F2 =E*P* B 

I JK6*186+2  
H * f U K f 1 J K I + l ) - Y K f f J K 6 ~ ) / f X f 2 ) - X f l ) )  

DO 12 1.3~1% 

I F  f F Z ~ C E ~ S o O R ~ F 2 o L E o 6 )  60 TO 1 4  
FF.0. 

OF f I roLT .3 )  60 TO 13 

?A6€ 5 

CS 161 
CS 162 
C S  163 
C f  164 
C s  165 
C S  166 
C S  167 
cs 168 
CS 169 
C S  170 
C t  l?l 
cs 172 
C S  173 
CS 174 
CS I75 
C S  176 
cs . 7 
C S  178 
C S  179 
cs 180 
t f  181 
e t  182 
C S  183 
C S  184 

C s  186 
CS 187 
cs 108 
C S  189 
C S  190 
CS 191 
CS 192 
C S  193 
C S  194 
C S  195 
C S  196 
C S  197 
C S  198 
C S  199 
C S  200 

cs 10s 



L I S T I N G  CF OLCKS CSDS 

CARD NO. 

201 

205 

210  

215 

220 

225 

2 30 

235 

1 2  
1 3  

C 
C 
C 
C 

C 
C 
C 
C 
1 4  

1 5  

16 

PAGE 6 

6-H c s  201 
! JK6=186+1 c s  202 
H = ~ U K ~ I J K 6 + 1 ) - U K ( I J K 6 ) ~ / ~ X ~ ~ ~ = X ~ ~ - l ) ~  CS 203 

cs  204 
c s  205 

I J K l - I B  1+1-1 
I JK2rfB 2* 1-2 
G=H-G-UK~fJK1)*YK(I-l~~UK~IJK2~*UK~1-2) C S  206 
FF=FF+G*UK(I)*6 CS 207 
UK( I )=G C f  208 
CONTINUE C S  209 
H=L-P*FF cs 210 
I F  tH.LL.0) GO TO 1 4  cs 2 1 1  

cs  212 
UPDITE TWE LAGRANGE WULTIPLIER P C f  213 

FOR TWF NFXT ITERATION CS 214 
CS 215 
C S  216 
C S  217 

I F  E LESS THIN OR EOUAL TO 5 s  C S  219 
COMPUTE THE rn€FFfCfENTS AND RETURN. C S  220 

cs  221  
DO 1 5  I m Z r N P 1  C S  222 
I J K 6 * 1 B 6 * 1  CS 223 
COEF(I-lrl)~F~I-l)-P*UK~IJK6) cs  224 
I J K 5 = I B  S+ I CS 225 
COEF t I - l r  3)  m Y K  t I JKS ) CS 226 
CONTINUE CS 227 
DO 16 1=2s1F  c s  228 
H m X  t I )-X ( 1-1 I CS 229 
C O ~ F ( f - l r 4 ) ~ ~ C b E F ( f ~ 3 ) ~ ~ O E F ~ I ~ k s 3 ) ) I ( J . * M ~  CS 230 
COEF ( 1 - 1 s  2 ) (COEF ( I r  1) -CoEF ( 1.1~ 1 1 1 /Hot H*COFF( f - l r 4 )  *COEF t I - l a  3 ) 1 C S 231 

CS 232 
CONTINUE C S  233 
RETUPN C S  234 
END C S  235- 

P=P+ (S-F 2 ) I t  (SORT ( S I E  ) +P)*H 1 
GO TO 7 

cs  21e 

1 H  



L I S T l N 6  OF OECK: PCARO 

CAR0 NO- 

PA6L 1 

I 

C 
c 

5 C 
C 
C 

10 C 

13 

70 

25 

3 0  

35 

40 

C 
C 
C 

C 
C 
C 

SUBROUT I N E  PCARD 4 IPUNCH, XI Y r  Yr THETA, YSWOr YPSrYPPSrNOSEIWI, CHOaDr T PH 1 
lXTLE ) PH 2 

PH 3 
ROUTINE TO PUNCH OUTPUT DATA (TAPE 1 IS PUNCH F I L E )  PH 4 

PH 5 
CQDED BV - HARRY NOR6AN NASAILARCITADIAAB 1982 PH 6 

PH 7 
DIPENSION T f l L E ( 8 ) r  X f l l r  Y f 1 ) r  Y f 1 ) r  THETAf1)r VSRO(l)r Y P S f 1 ) r  Y PH 8 

1PPSf 1) PH 9 
PH 10 

COMMON I H L M l  DX(ZOO)rDYf20O)rOYf 200)  OH 11 
PH 12 

CONNON I B L K l l  PIIPI~~RADICONS PH 13 
PH 14 

COHHON I I N O U T I  JREIDIJYRITEIIPRINT PM 15 
PH 16 

I F  ~ ~ P U N C H O L E O O O O R ~ ~ P U N C H O ~ E O ~ )  RETURM PH 17 

PUNCH T I T L E  CARD PH 19 
OH 20 
PH 21 WRITE f 4 Y R I T E r l O )  IPUNCHeTfTLE 

WRITE f l r l l )  T I T L E  PH 22 
PH 23 

DETERMINE OUTPUT PUNCH OPTION PH 24 
PH 25 

I(lP.0 PH 26 
I F  fIPUNCHmLOe2) 1OP.i OH 27 
I F  ffPUNCHmFO.3) IOP-2  PH 28 
I F  fIPUNCH.EOm4) 10P.3 PH 29 
WRITE ~ J W R I T E I ~ ~ )  109 PH 30 
X I m F  10A T ( I OP 1 PH 31  
YRITE (1113) X I  PH 32 

PH 3 3  
PUNCH UPPER SURFACE CUANTITIES PH 34 

PH 35 
J-KP.0 PH 36 
00 1 I*N05ErNP Pd 37 
JmJ+1 PH 38 
D Y f  J )-Uf I ) PH 39 
I F  fY(I)mGT.loO) KP.1 PH 40 

PH i e  

104 



ORlOlNAC PAGE 7;’ 
OF POOR QUALITY 

L I S T I N G  OF DECK8 PCARD 

CARD NO. 

4 1  

45 

1 

50 

55 

60 2 

3 
C 
C 

45 C 

73 

75 

80 

4 

PACE 2 

PH 41  
PH 42 
PH 43 
PH Q4 
PH 45 
PH 46 
PH 47 
PH 48 
PH 49 
PH 50 
PH 5 1  
PH 52 
PH 53 
PH 54 
PH 55 
PI4 56 
PH 37 

PH S9 
PH 60 
PH 61 
PH 62 
PH 63 
PH 64 
PH 65 
PH 66 
PH 6 7  
PH 68 
P l i  69 
PH 7 0  
PH 71 
PH 72 
PH 73 
PH 74 
PH 75 
PH 76 
PH 77 
PH 70 
PH 79 
PH 80 

PH sa 



L I S T I N 6  OF DECN: PCLRO ? A M  3 

CAR0 NO. 

81  

85 

90 

95 

100 

105 

110 

115 

120 

S 

6 
C 
C 
C 

C 
C 
C 

C 
7 
8 
0 
10 

11 
12 
13  
1 4  
15 
16 
11 
18 

QRlGiNAL PACE !L, 

01: POOR QUAiF! 

WRITE f l B 1 5 J  X I  PH 81 
1F ( 1 0 P o E O o 0 ~  WRITE tJWRITC,16) ( D X ( I ) , f * I r J )  ?H 82 
I F  (IOP.NEaO1 WRIT€ ( J W R I T E S ~ I  ( D X ( I ) r I . l * J )  PH 8 3  
WRITE t JYRITEIL~ I  (OY t IIrI*lr J) ?H 84 
I F  t IP1€0.1) WRITE f J W R I I E r 2 1 )  ( D W l I ) e I * l r J )  PH 85 
DO 6 f * b J  PH 86 
I F  (IOPoNEsO) 60 TO 5 PH e? 
I F  fDWf1)mCTel.O) WRITE (1,221 DXfI)BOY(X).bW(r) PH 88 
IF (DWf1)oLEo loO)  WRITE f b 1 8 )  O%fS),nYfI) PH 89 

?H 90 GO TO 6 
I F  (OW( 1)oGTel.O) YRIT€ ( 1 ~ 8 )  DXOI) rOY( I )~DWf! f i  PH 91 
IF (DW(1)oLEoloO) WRITE ( l r 9 )  O X t I l r D V t I )  PH 92 
CONTINUE PH 93 

PH 94 
PUNCH VLTt AND YUTE ?H 9 5  

PH 96 
I F  ( IOP*LE. lJ RETURN OH 91 
YL TE rYSMO( 1) PH 98 
YNOSE=YSt4O(NOSE) OH 99 
YUTE =VfPO (NP ) PH 100 
WRIT€ f JYRITEnZO) YLTEsVNOSEsYUTE ?H 101 
WRITE I l r l 8 )  YLTE: YNOSCrYUtE PH 102 

?H 103 
RETURN TO CALLIN6 pR06RAN OH 104 

PH 105 
RETURN PH 106 

PH 101 
FORRAT (/3Zr4HTH m r 8 F l O 0 5 / f  7X18F10. 5)  1 PH 106 
FORNLT ( f lO .S~F10 .6 rF lOe2)  PH 109 
FORHAT IF1005rF10.6)  PH 110 
FORMAT (LHlslOX.36HTHE FOLLOWIN6 DATA HAVE BEEN PUNCHEDr5XrYHIPUNC OH 111 

1 H * r I 4 / / 3 x r 6 b 1 0 )  PH 112 
FORWAT tea10 1 PH 113 
FORMAT ( t 3 X r 5 H I O P  -814) PH 114 
FORMAT t 30Xs F10.2 1 PH 115 
FORBAT f I3Xr4WNU * r f 4 )  PH 116 
FORMAT tFlO.2) PH 117 
CORNAT ~IJXICHBX .r8F10.6/(?X1IFlOc;)) PW 118 

PH 119 
FORMAT (3F10.6) PH 1 2 0  
FORMAT ( / ~ X B ~ H D Y  ~ ~ ~ F ~ O ~ ~ ~ ~ ? X B O F ~ O ~ J J ~  



ORIGINAL PAGE E 
OF POOR QiJALilY 

LISTING OF DECK8 PCARD 

CARD NO. 

PA6E 4 



L I S T I N 6  OF DECK: PLQTAF 

CbRD NO. 

ORIGINAL PAGE 1s 
OF POOR QUALITY 

PA6E 1 

1 
C 
C 
C 

s C 
C 
C 
C 

10 C 

C 

15 

2 0  C 
C 
C 
C 
C 

2 5  

30 

35 

40 
1 
2 

SUbROUT INE  PLOTAF ( THLTAiYr  YSMOiY PSr YPPSr NPn TfT!.k~fPLOT 

?HIS POUTINE PLOTS IWPUT AND SWOOTHED Y / C r  SNOOTHED YPSr AND 
SllOOTYLO YPPS VERSUS THETA* ALSO PLOTS IN?UT AND SMOOTMED Y I C  
VERSUS X / C .  

COf!ED BY - HARRY MORGAN NASA/LARC/lADIAAB 1982 

DIWENSIOW TITLE(B),  THCTA,( l ) r  Y ( 1 ) r  Y S ~ O ( l ) r  YPS(1)r  YPPS(1) 

COWON I H L W  X 1 ( 3 6 3 ) r Y I 0 6 3 ) r l 1 ( 3 6 3 ~  

CDMMOM /SMY/ Y P S I ( 3 6 3 )  

COCRON / B L K l /  PfrPIt iRAD,CONS 

CORROH /INOUT/ JREADrJYRITErIPRtNT 

D A T b NM I 3  61 / r S 1 2 I 40/  r 1 S I  2 I 3  1 

SINH(X)= (EXP(X) -EXP( -X) ) l t .  

INTERPOLATE NR SNOOTHED COORDINATES v /C  AN0 YPS VALUfS 

Y PbX.O.0 
DP=fTHETA(YP) -THETA( l ) ) /FLOAT~NM=l~  
YP=THElb( l ) -DP 

DO 5 I m l r N U  
YP=YP*DP 

T I (  I ) r Y  P+RAD 

TP=ABS( YP) 

n = 2  

I F  (YP.LT.THETA(1)) YP.fHETA(1) 
I F  ~ Y P ~ G T * T H E T A ( N P ) )  YP.THETA(NP) 

I F  tReLT.2) R.2 

I F  (TP.LE.Pl2) 60 TO 1 
~ I ~ I ~ ~ C O N S * ~ b T A N ~ S I N ~ ~ l P ~ P I 2 ~ ~ * l . ~  
60 TO 2 
X I ( I ) ~ C O N ~ * ( l . - C O S ( T P ) )  
00 3 KlMrNP 

PF 1 
PF 2 
PF 3 
OF 4 
PF 5 
PF 6 
PF 7 
PF 0 
PF 9 
PF 10 
OF 11 
PF 12 
PF 13 
PF 14 
PF 15 
P F  I6 
PF 17 
PF 10 
PF 19 
PF 20 
PF 2 1  
PF 22 

OF 2 4  
P f  25 
PF 26 
PF 27 
PF t e  
PF 29 
PF >D 
PF 31 
PF 
P’ 
Ob 

35 
8: 36 
PF 37 
PF 30 
P f  39 
PF 40 

PF L3 

- -  



ORIGINAL PAGE IS 
OF POOR QUALm 

LISTING OF DFCN: PLOTAF 

C A R 0  NO. 

PA6 E 

50 

55 

60 

65 

70 

75 

80 

2 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
S I  
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
I +  
75 
76 
77 

79 
80 

7e 



L1STINC OF O€CK8 PLOTAF 

CAR0 U o o  

e1  

C 
C 

e5 C 

90 

95 

100 

1 0 5  

110 

115 

120 

7 
C 
C 
C 

c 
C 
C 

e 

C 
t 
C 

9 

?A6E 3 

PF 81 
?F 62 
P f  63 
?F 84 
?F 85 

00 7 I = l r M P  PF 66 
?F 07 

YP=V(I )  t Y S C A 1 E  ?F 66 

c ow1 1wue PF 90 
?F 91 

PLOT SMOOTH€b Y/C-COORDINATES VS THETA P F  92 
PF 93 

T I  tMW+1)-180.0 PF 94 
TI fNM*2 ) m 1 0 0 0  ?F 95 
Y I f N P * l ) ~ O o  PF 96 
YI(NM*Z)=YSCALE PF 97 
CALL L I N E  ( T I i Y I t N l r l r O r O n O o )  PF 98 

?F 99 
DFTERrlINE SCALINC FACTOR FOR F I R S T  DFSTVATIVE A X I S  (YP A X I S )  PF 100 

P F  101 
YMAX.O.0 PF 102 
00 8 I m l i N M  P f  103 
I F  (ABS ( Y P S I  4 I B ) e  GTe'VIlAX) YNAXmABS f YPSI  (f 1 1 PF 104 
CON TINU € PF 105 
CfCALEme1 PF lob 
I F  ~ ~ Y M A X o L E o O o 3 O ~ o A N D . ~ Y W A X o ~ T o O o 2 4 ~ )  CSCALE.oO5 PF 107 
I F  ~ f Y I A ~ o L E ~ O . 2 4 l o A N O o ~ Y H A X ~ 6 T ~ O ~ l 2 ~ ~  CSCAL€*oO6 PF 100 
I F  ~ ~ Y ~ A X o L E o 0 . 1 2 ~ . A N O o ~ r W I X . G f . O . O 6 ~ ~  C f C A L € * o O 2  P f  108 
I F  ~ ~ Y ~ A X ~ L E o O o O 6 ~ . A N O o f Y W A X . C E . O . O O ) ~  C 5 C A L P ~ e 0 1  OF 1ZO 
CIIN-6 *CSCAl E PF 111 

P F  112 
OEtERMINE SCALIYC FACTOR FOR SECONn O€RIVATIVE A X I S  (YPP A X I S )  PF 113 

PF 114 
YMAXmOoO PF 113 
00 9 I m l r N P  P F  116 
I F  (ABS(YPPS(1)).6TeYIAX) YNAX*ABS(YPPS(f)) PF 147 
CONTINU? PF 118 
YSCALE. 1 PF 119 
I F  ( ( Y M A X O L € O ~ . O ~ ) ~ A N O O ( Y ~ A ~ ~ ~ T ~ ~ ~ ~ O ) ~  YfCIL€.e3 OF 120 

TP.THElAf I )*RAO/lO~+1OeO 

CALL PIlTPLT ( T P r Y P r 2 2 r  I S I Z )  PF e9 

I IO 



L I S T I W G  OF DECK: PLOTAF 

CARD MIYO 

I 2 1  

125 

130 

135 

140 

145 

1 so 

1s5 

160 

C 
C 
C 

C 

C 

c 
C 
C 

PA6E 4 

YPSf~WM*1~*O.O 
YPSIfNN+Z)*CSCALE 
CALL LINE f T I ~ Y P S I r N M r l ~ O ~ O ~ O o )  

C 
C PLOT SNOOTHEU SECOND D€llIVAfIVES YPP Wf THETA 
C 

THETAfNP+l)r-PI 
TMETAfNP+t).lO. /RAD 
YPPSfWP+l)=O.O 
YPPS fNP+2 l=YSCALE 
CALL LINF ~ T H € T A ~ Y P P S S N P ~ ~ ~ O I O I O ~ ~  
DO 10 I * l i q o  
T P 1 MET A f I 1 *RAD I 10 + 1 8  0 
YP=YPPS (1 IIYStALE 
CALL PNTPLT ~ T P I Y P I ~ ~ I I S I L )  

'F  
'F 
'F 
'F 
'F 
'F 
'F 
' F  
'F 
'F 
'F 
'F 
F 
IF 
'F 
'F 
'F 
' F  
'F 
'F 
'F 
'C 
'F 
'F 
'F 

I 1 2 1  
: 122 
: 123 
: 124 
: 125 
~ 126 

1 2 1  
; 128 
~ 129  
: 130 
: 1 3 1  

132 
: 133 
: 134 
~ 135 
: 136 
: 1 3 1  
: 138 
: 139 
: 140  
; 1 4 1  
: 142 
: 143 
: 144 
: 145 

PF 146  
PF I 4 7  
PF 148 
PF 149 
PF 150  
PF 1 5 1  
PC 152 
PF 153 
OF l*' 
PF 155 
PF 156 
PF 157 
PF 158 
PF 159 
OF 160 



oRK#NAL PAGE IS 
OF Po9R QUALITY 

LISTfN6 OF D€CK: PLPTAF 

CAR0 NO. 

161 10 CONTINUE 
CALL NFAANE 

C CHECK P U T  OPTION 
I F  t f PL 01 EO 1 OR IPLOT .EO. C. RETURN 

165 I F  (1PLOToEOo8) RETURN 
C 
C OETERRI lE  SCALINC FACTOR Fm Y f C  AXIS 
t 
11 I F  (YSAVoEOoO*Ol) 

170 I F  t Y f A V o  €90 0002) 
I F  ( Y S A V o E O o O o O ~ )  
I F  t Y S A V o E 0 . 0 0 0 5 )  
YW I N  m-0 0 1 75.Y NAX 

C 
175 C PLOT INPUT AND 

C 
C ORAY N O  LABEL 
C 

YWAXo8 
YWAXr12 
VM A X  -20 
Y WAX 024 

SWOOTHED YlC-COORDfNATEf US X I C  

Y l C  AND % I C  A X I S  

193 

200 

?AGE 3 

?F lbl 
?F 162 
?F 163 
PF 164 
PF 165 
PF 166 
OF 167 
PC 168 
?F 169 
PF 1tO 
PF 171 
PF 172 
?F 173 
PF 174 
PF 175 
PF 176 
?F 177 
PF 178 
?F 179 
PF 180 
OF 181 
PP 182 
?F 163 
PF 184 
?F 185 
?F 186 
?F 187 

PF 189 
PF 190 
PF 191 
PF 192 
PF 193 
PF 194 
PF 195 
PF 196 
PF 197 
?F 190 
PF 199 
PF 200 

PF iea 



LISTIN6 O f  OLCKt PLDTAF 

CbRO NO. 

201 
12 
13 

205 1 4  
C 
C 
C 

210 

215 

. 
\. 

C 
C 

C 
15 

216 
16 

PA6C 6 

Pf 2 
?f 21 
PC 2 
PF 2 
PC 2 
P f  2 
PF 2 
P f  2 
OF 2 
?f 2 
P f  2 
PF 2 
?P 2 
PF 2 
PF 2 

9 
0 
9 
a 
C 
a 
a 
a 
C 
1 

1 
I 
1 

:i 
1 

113 



LISTTNC OF DECK1 P L O T X  ?A6h 1 

CAR3 NO. 

1 

L 

10 

15 

.? 9 

25 

30 

35 

40 

C 
C 
C 
C 
C 

C 

C 

C 
C 
C 
C 
C 
C 

1 

2 
3 

SUQROUtIN€ PLOTCK (tHElA,YSlld.YPf.Y?PSln)rtftLE) ?C 1 
?e 2 

ROUt1*E TO PLOT SQUIRE ROOT OF SROOTHFO CVRVATURE WERSUS THETA ?C 3 
PC 4 

CODED BY - HARRY NORSAW NASAILARCITAbIAA6 1082 ?C 5 
PC b 
PC 7 
PC 8 
PC 9 
PC 10 
PC 11 
PC 12 
PC 13 
PC 14 
PC 15 
PC 16 
PC 17 
PC 18 
PC 19 
PC 20 
PC 21  
?C 22 
PC 23 
PC 24 
PC 25 
PC 26 
PC 27 
PC 28 
PC 29 
?C 30 
PC 31 
?C 32 
PC 33 
?C 34 
?C 35 
PC 36 
PC 37 
PC 38 
PC 39 
PC 40 

114 



L I S T I N G  OF DECK: PLUTCK 

ORIOINAL PAGE B 
OF POOR QUALITY 

PA6E 2 

CARD NO. 

41 

45 

50 

55 

60 

65 

70 

75 

80 

4 

5 

6 

7 

8 
C 
C 
C 

9 

C 
C 

YI.YP~S1 
lTA)-Tl.D 

YP I=YPP s 
1 )-DE I T A  I 

Y P P I - (  Y P 
0ELTA.Y P 
I F  (1TP.L 
T P ~ A B S t T  
I F  tTP.6 
GP=CONf* 
6PPmCONS 
XI=CoNS* 
GO TO 5 
Tl=COfW ( 
T2=S INH ( 
X I=CONS* 
GP=COWf I 
G P P - C O N  
I F  (1P.L 
DYDX-D€l 
bY2l?X=(V 
CURVt I )  
GO TO 7 
DvDX-Oal 
DY2DX=O a 
CURV t I) 
I F  ( I P R I  
WRIT€ ( J 
CURV (I 1 

DETERMINE SCALING FACTOR FOR CURVATUPE A X € S  

CNAX-0.0 

I F  ICURVt  I) e6ToCIIAX) ClAX-CURVt I) 
DO 9 1*1,NH 

CON1 INUh 
R = I F I W C N A ~ ) + l  
CHAX-FL OAT (M 1 /20 

DRAM AND LAOEL CURWATURE AND THETA AXES 

~ ) * . f 2 * * 3 l ( 6 . * D E L T A ) - T 2 * D E L T A l b ~ ) + Y ~ P S ( J + l ) * ( f l * * 3 I ~ 6 ~ * D E L  PC 41 
tLlAl60 )+(YSWO( J ) *T t+YSRO(J+ l ) *T l )  / b€LT4  PC 42 
J ~ * ~ D E L T A ~ ~ ~ ~ T ~ + T ~ I ~ L O * D E L T A ~ ~ + V P P S ~ J + ~ ~ * ~ T ~ * T ~ / ~ ~ ~ * D E L ~ A  PC 43 
I D ) + ( Y S M O ( J + ~ ) - Y S N ~ ( J ) ) / O E L T A  PC 44 
~S(J)*T2+YPPS(J+1)*f1)lDCLTA PC 45 

PC 44 
' 0 0 0 0 )  DELTA~-DELTA PC 47 
' 1  PC 48 
' o P I Z )  60 TO 4 PC 49 
i I N ( T P )  PC 50 
ICOS (TP 1 PC 5 1  
' l .-COStfP) 1 PC 52 

PC 53 
rP-p12 B PC 5 1  
rF .P I2)  PC 53 
I ATAN ( 1 2  I +lo 1 PC 56 
'1 PC 57 
i * f 2 l ( f l * f l )  PC 58 
~ ~ 0 ~ 0 o b R ~ 6 P o L 4 ~ 0 0 0 )  60 TO 6 PC 59 
r A l 6 P  PC 60 
'Pf*6P~DELTA+6PP)/(GP**3) PC 61 
~ ~ S ~ D Y t D X ~ / ~ S O R T ~ l o + O Y D X * * 2 ~ ~ * 3 ~  PC 62 

PC 63 
io9 PC 64 
LE99 PC 65 
OWSI ( DEL T A W €  L f A  ) PC 66 

IT.NE.0) 60 TO 0 PC 67 
IRfTEr16) I r T I ~ I ~ ~ X I r Y I ~ Y P I ~ Y P P f r b r b X l b v 2 b X . C U R V ( I ~  Pc 68 
i O l T  ( CURV ( I ) 1 PC 69 

PC to 
PC 7 1  
PC 72 
PC t 3  
PC 74 
PC 75 
PC 76 
PC 77 
PC 70 
PC 79 
PC 00 



ORIGINAL PAGE Is 
OF POOR QUALITY 

L I S T I N 6  OF DECKS PLOTCK 

CbRD NO. 

e 1  C 

85 

90 

95 

100 

105 

110 

115 

120 

PA6E 3 

PC a i  
CALL 6RIDCW PC 82 
CALL CALPLT f 20*20,-3) PC 83 
CALL NOTATE 0.  r 00 # S l b n T L E #  00# 6 0 )  re 84 
CJLL CALPLT fOe.E.r-3) PC 85 
CALL AXES f 0 o r 0 ~ ~ 0 ~ ~ 3 6 o ~ ~ 1 8 0 o ~ l O o ~ ~ 2 o ~ l o ~ l O M ~ ~ ~ A ~ ~ E 6 o ~ ~ ~ ~ ~ ~ l O ~ O ~  PC 86 
CALL A X € S  f 0 . ~ 0 ~ ~ 9 0 ~ r 2 O o r 0 0 r C H A X r ~ 2 ~ ~ 1 0 ~ 1 ~ H S 0 ~ 1 f C U ~ V A ~ U R E ~ ~ S 1 2 ~ 1 5 ~  PC 87 
12 1 PC 88 

C PC 89 
C PLOT INTERPOLATED CURVATURE POINTS PC 90 
C PC 91 

TI tNN+l)*-180eO PC 92 
CURVtNH+l )*OoO PC 93 
T I  tNM+2 1 *la.  PC 94 
CURVfNII+t)-CRAX PC 95 
CALL L I N F  f TIrCURV,NMr 1 r O ~ O ~ O o O )  PC 96 

C PC 07 

C PC 99 
DO 14 IrlnNP PC 100 
D E L T b Y P S  f I) PC 101 
IF fTHETAf1)oLEoOoO) OELTA.-DELTA PC 102 

PC 103 TP-ABSfTHETAf I ) )  
I F  (TPoCToP12) 60 TO 10 ?C 104 
6P-CONS*SINtTP) P i  105 
6PPrCONS*COS f TP) PC 106 

PC 107 GO TO 11 
10 114 OSH t TP-PI2 B PC 100 

PC 109 12-f INMf  TP-PIZ) 
GP-CONSf 11 PC 110 
6PP*-CONS*T2/ fT l *T l )  ?C 111 

11 I F  ~~P.IE~O~O.OR.~POEO~OOO) 60 TO 12 ?C 112 
OYDX-DE LTAJ6P PC 113 
DY2bX~f~PPSf1)*6P-DELTA*6PP~/ f6P**31 ?C 114 
Tl4Bff OYZOX ) / f SORT f l o + D Y b % * * t  )**3) PC 115 
60 TO 13 PC 116 

12 Tl-CONS I t DELTWDE LTA) PC 117 

T l r S O R T  t T l  ) /Cl lAX PC 119 
CALL PNTPLT t T 2 ~ l 1 r P t r f S f Z )  PC 120 

C COMPUTE AND PLOT CURVATURE AT INPUT THLTb POINTS PC 90 

13 T 2 ~ T H € f ~ f I ~ * R A O / l O o + l 6 ~ 0  PC iia 



ORIGINAL PAGE IS 
OF POOR QUALm 

LISTIN6 OF DECK: PLOTCW 

CARD NO. 

P A U  4 

1 2 1  1 4  
C 
C 
C 

125 

C 
C 
15 

130 

16 

CONI XNUE PC 1 2 1  
PC 122  

ADVANCE TO NEXT FRAME AND RETURN PC 123  
PC 124  

CILL  WFRANF PC 125 
RE TURN PC 126 

PC 127  
PC 126 

F 0 4 i i ~ l  ~ ~ Y ~ ~ ~ X I ? H T I T L E ~ ~ ~ X ~ ~ A ~ O / / ~ ~ X ~ ~ ~ H ~ ~ ~ T € R P O L A T E D  CURVATURE- PC 129  
1-1 ~ X D  kHx 6Ys5HfHLfAn 5Xs 3 M # / c e ? X ~  3HY IC.6XeSMPY 1DVr 5x1 6HDYZ/DT,?X# 5H Pf 1 3 0  
~ D Y / O X I ~ ~ ~ ~ ~ H D ~ O ~ / D X ~ / O X ~ ~ X ~ ~ ~ C U R V A T U R € ~ )  ?C 131 

fORRAT ff5.FlO.284CaO.6r3E15.6) PC 132 
END PC 133- 

I I7 



ORIGINAL PAGE 1s 
OF POOR QUALITY 

L I S T I N G  OF OECKt CAPW P46E 1 

CARD NO. 

1 
C 
C 
C 

5 C 
C 
C 

10 

13 

2 0  

25 

30 

35 

40 

C 

C 
C 
C 
C 

1 
2 

1 
2 
3 
4 
3 
6 
7 
8 
9 
.O 
J 
.2 
-3 
.4, 

CK CK 1S 16 
CK 17 

I I8 



ORIGINAL PAGE IS 
OF POOR QUALm 

L I S T I N G  OF DECK: CACTW PA6E 2 

CARD NO* 

4 1  

45 

50 

55 

60 

65 

70 

75 

80 

3 
4 
C 

5 

C 
C 
C 
C 
C 

C 

C 

NL=NOSE CK 41  
J NOS €+ 1 CK 42 
00 4 I e l r N O S E  cw 43 
JSJ-1 CK 44 
T L ( J I - T H F T A f 1 )  C K  45 
YL t J )BY SMOt I ) CU 46 
T P = A B S f T H E T A ( I ) l  cw 47 
IF fTP.GT*PIZ) 60 TO 3 CK 48 
XL ( J  ).CONS*( l.-COS ( T P I  ) CK 49 
GO TO 4 C K  50 
Y L ( J ) ~ C O N S * f ~ T A W ( S I N H f T P ~ P I Z ) ) + l o )  CK 5 1  
YPPL (J) =YPPS( I )  C K  52 

COHPUTE FIRST OERIVATIVES OF UPPFP S U Q F l C E  CK 53 
00 5 1.2rNU CK 54 
D E L T A ~ t U ( I ) - T U ( I - l )  C K  55 

I F  C f U ~ f ~ ~ l E ~ P 1 2 ~  D Y X U ~ I ~ ~ O Y X U f I ~ / ~ C O N S * S l W f T U ~ 1 ) ) ~  CK 57 
I F  ( fUtI)mGT.P12) O Y X U ~ I ~ ~ O Y X U ~ 1 ~ + C O S H ( I U ~ I ~ ~ ~ I 2 ~ / C O N S  C K  59 
CON1 INUE CK 59 
OVXU f 1 B ~ 0 o l E Q 9  CK 60 

C K  61 
COlrPUfE THICKNESS AN0 CAHBER DISTRI9UTIONS BY FfNOfNG LOYER CK 62 
SURFACE COOROINATE ( X L S r Y L f )  CORR€SPONDTNG TO INPUT UPPER CK 63 

OYXU(I)=YPPUf I ~ * O E L T A I 3 ~ + Y P P U ~ I ~ l ) * O E L ~ A I 6 ~ + f ~ U f I ~ ~ Y U f  1-1) I I O E L T A  CK 55 

SURFACE COORDINATE (XUIYU) 

HT-0 
K S AVE.1 
NS.1 
N L l r N l - I  
NtU=NW- 1 
A 1 4  I I F  LOATtNRl 1 

00 1 2  I r l r N U  

tJ.NU+l-I 
XXU.XUf IJ 1 
YYU.YUt I J )  
O Y U ~ D I X U f  I J )  
N N = I  

DEL~ l . t lFLOAT(NMl ) * *Z )  

LOA0 XU AN0 YU 

F IND XLS - 

C U  64 
CK 65 
CK 66 
CK 67 
C K  b l  
CK 69 
CK 70 
CK 71 
CK 72 
CK 73 
CK 74 
CK 75 
CK 76 
CK 77 
C K  78 
CK 79 
CK 80 



ORIGINAL PAOE M 
OF POOR QUALITY 

LISTING OC B€CKl CAPilrfK 

C A I 0  m o a  

8 1  DO 9 K=WSaNIS 
TP=AlOFLOlT(NN-K 1 
I F  ( K a E Q o l )  TPOAE 

85 

90 

95 

100 

1 0 5  

110 

115 

1 2 0  



ORIGINAL PAGE IS 
OF POOR QUALITY 

LISTING OF DECKt CARTK PACE 4 

CARD NO. 

1 2 1  

125 

130 

135 

140 

145 

1 S O  

155 

160 

8 

9 

10 

11 

1 2  
C 

13  
14  

13 
16 

I F  fXW.LEoXP+DEL.AND.XK.GE.XXL~DEL) 
K SAVE =K 
X P = Y X L  
DU P. nu 
DLP=DL 
CON1 fNU€ 
If (I*GT*l)  GO TO 1 2  
WK=XL(NL) 
KSAVErNS 
N l = N l * l  
L X f ' I f  ) I J 
XLS .WT) oXK 
NS=KS AVE 

60 TO 11 

CONTINUE 

WRITE t JYRI fEr44)  T I T L E  
COMPUTE YLS FOR EACH XLS AND P R T W  RESULTS 

CK 1 2 1  
CK 122  
CK 123  
CK 124 
CK 125 
CK 126 
CK 127 
CK 128  
CK 129 
CK 1 3 0  
CK 1 3 1  
CK 132 
CK 133  
CK 134 
CK 135 
CK 13t 
CK 137 
CK 138 
CK 1 3 9  D E L T A o X L S ~ I )  
CK 1 4 0  

I F  fDELlA*LEeCONS) GO TO 13  CK 1 4 1  
DELtA.fAWfbELTAlCONS~1~ B CK 142  
l P ~ P I 2 + A L O G ~ b € L f A + S Q R f ( D E L l A * D € L T A + l o ~ ~  CK 143  

CK 144 GO TO 1 4  
CK 145 

DO 15 JmlrNL1 CK 1 4 6  
J2mNL-J CK 147  

I F  f T P ~ G E . A ~ S ( T L f J 2 ) ~ ~ A N D o T P ~ L E ~ A ~ S ( T L f J l ) ~ ~  GO TO 16 CK 1 4 9  
CONTINUF CK 150  
DELlA=TL( JtB-TLf J1 )  CK 1 5 1  
T l r - T ~ - T L  t J 1  1 CK 152 
12=1L(  J 2 )  4fP CK 153  

lLfA) - f l *DELfAI lo  )+(YL t Jl)*T2+YL f J 2 ) * T l #  lbELTA CK 155 
YLS(I)=YYL CK 156 
X C f  I) . (  XU( IJ I+XLSf  I )  112. CK 157 
Yet1 ) m f  VU( I J  )+YYLl/20 CK P58 
T K ~ X ~ ~ O ~ ~ + S Q R T ( ~ X U ~ I ~ ~ ~ X L S f I ) ) * * 2 + f Y U f I J ~ ~ ~ ~ L ) * * 2 ~  CK 159  
I F  fYU( IJ ) .EQ~YYL)  TH(1)mO.O CK 160 

I F  (PELTA*GTel.) DELTA.lr 

TPmACOS tl*-DELTAlCONSD 

J1=32+1 CK i + e  

Y Y L ~ Y P ~ L f J l ~ + t l 2 * * 3 / ~ 6 ~ * D E L l A ~ ~ l 2 * D E L ~ A / 6 ~ ~ + ~ ~ P l ~ J 2 ~ * ~ T l * * 3 1 f 6 o * D E  CK 154 

121 



L IST ING OF D€CKx CACTK 

CARD NC. 

161 

165 

170 

1 7 5  

i eo 

185 

190 

1 Q4 

2 0 0  

17 
1 8  

19  
C 
C 
C 
C 
C 
C 

2 0  

I F  
t l  
DYL 

11-0 
I F  
IF 
I F  
I F  
cos 
S I N  
ou 
D l  
12. 
69 
1 2 .  
11. 
YR I 

CON 
1 1 2  

I S Y  
DO 
I F  
I F  
CON 
I F  
IF 
X l .  
X2m 
X3- 
0- c: 
Al. 
A2- 
A3* 

ORIGINAL PAdL M 
OF POOR QUALITY 

PA6S 5 

CK 161 
l K f I ) * L E * O . O )  GO TO 17 CK 162 

l T A / 6 . ~ + f Y L f J 2 ~ ~ Y L f J 1 ~ ~ / O E L ~ A  CK 1 6 4  
T P o  l€ 0 P I 2  1 OELT A.CONSrS IN(TP 1 CU 165 
lP.GT.912) O€LlA~COWS(COSHfTP-P22) CK 166 
T P * L E o O o O )  D Y L ~ O . l E 9 9 ,  CK 167 
TP Gl 0.0 1 DY L .-D"L 10 EL TA CK 168 
' - f Y U ( I J ) - Y Y L ) / f 2 *  #TK('I)) CK 169 
'* f X LS f I )-XU f I J ) ) / ( 2.l'lK f I 1 ) CK 170 
COSl*DYXU f I J I - S I N 1  )/,t SINl*bYXU( I b )  +COST J CU 171 

CK 172 
CK 173 

I cy. It4 
C O S T * D Y l - S I N T ~ / ~ S I N T 9 d r L * C O f t ~  
LBSf ABSfDU)-ABSIDL)) I 
'0 1 8  

) GK .174 
1 CK 1 7 6  

1.0 
'Hf I )*SAD 
'F f JYPITP,45) I r X U ~ I ~ ) ~ Y U ( I J ) r X L f f I ) , V Y l ~ X C f I ) r Y ~ ~ ~ I r ~ K f  1 ) r T l r  CK 17: 

I CK 178 
CK 179 
CK 180 

:OWUTE STARTING LOCb l ION OF CANBW O I S T ~ Y M J T I O N  f I*€* CK 181 
WCKNESS 0 01 BY F f i l I N 6  SECOND PRnER CURVE TO LAST THREE CK 182 
:OWPUTED CAMBER L I N E  COORDINATES AMl, T H W  O E T F R ~ I N I N G  CK 1 8 3  
tNlERfECTION OF THAf CURVE WITH 4 IRFOIL  SURFACE CK 186 

CK 185 
CK 186 I '=I 

!O 1 . l r 5  CK 187 
,AOS tXU(1  )-XLC X I  I *GT.€PS) 1fYll.O 1 CK 188 

C K  189 
rINUE CK 190 

CK 191 
CK 192 X C f N 1 ) ~ L E e O E L )  69 10 3 1  

fC f N l -1  )**2 CK 194 
t C f N 1-2 1 +* 2 I CK 195 
I X l  XC f N l  1~10, X2,  XC I N l - 1 )  R 1 e B X3, XC f 31-2) 9 1 ) CU 196 
' (YC INT 1,XC fNT )P 10  YCf N 1 - 1 ) ~  XC (NT-1) , l o rYC fN1-2)r  XC f Nf-2  1 , lo I I D  CK 197 
~ f X l ~ Y C f N T ~ ~ l o ~ X 2 ~ Y C ~ N l ~ l ~ ~ l o ~ X 3 ~ ~ C ~ N ~ ~ 2 ~ ~ l o 1 / D  CK 198 
r C f N t ) - ~ l * X l - A 2 * X C f N f )  CK 199 
INE/ 4 CK 200 

YUf IJ 1 OWE o Y Y L  I 1Pf I )-ATAN( f XLS f I )-XU( I J I ) 1 f YUf IJ )-YYL ) 

~ Y P P L f J l ~ + f ~ E l f l / b o ~ f 2 + f 2 / ~ 2 o + D E L f ~ ~ ~ + ~ ~ ~ L f J 2 ~ ~ f l l ~ T ~ / f 2 ~ + D € L l A  CU 163 

i 

'INUE 1 

IABSfYU(1 ) * Y L ( I )  ) *GT*EPS)  ISYW*O 

'1SYM.EQolJ 60 TO 30 

fC f N f  **2 1 CK a93  



ORIGINAL *AGE IS 
OF POOR QUALln 

LfSTING OF DECK: CAllTK PAGE 6 

C A R 0  NO. 

201 

205  

210  

215 
2 1  
2 2  

2 2 0  

2 2 5  
23 
24  

2 30 

2 35 

2 5  

240 

D = X C ~ N l l / F L O A l ~ N H l l  CK 201  
X.O.0 CK 202 
XP.X CK 203 

CK 204 YYUP=YU t 1 I 
Y Y L P = Y l t l l  CK 205 
YYCP=(Al*X+A2I*X+A3 CK 206 
NWl=N* l+ l  CK 207 
DO 2 7  1.21NHl CK 208 

CK 209 XoX+D 
I F  (XoGfoCONSl 60 TO 27 CK 210 
TP.ACllf t 1o-XICONSl CK 2 1 1  
DO 2 1  K.2~bdU CK 212 

CK 213 K 1 *K-1 
CK 214 K2.K 

IF ~ T P O ~ E O ~ U ( K ~ ~ ~ A N ~ ~ ~ P ~ ~ E ~ T U ~ K ~ I ~  GO TO 2 2  CK 215 
CONTINUE CK 216 
DELTA~TI I  t K2 )-TU t K l  j CK 217 
T l . l P - f \ l ( K l l  CK 210 
1 2 ~ f U ~ K 2 I - l P  CK 219 

1 l T A l ~ T l * D P L f ~ / b . ) + ~ Y ~ ~ K 2 l ~ T l + Y U ~ K l l * T 2 l / ~ € l T A  CK 2 2 1  
bC 22 J.~DNL CK 222 
J2.J-1 CK 223 
J1.J Ck 224 
IF t TPo GE O A R S  (11 ( 5 2  I I A W D O T P ~ L E * A B S  (11 t J1  I ) I 60 TO 2 4  CK 225 
c ON1 IPUE CK 2 2 6  
D E L T A ~ T L ( J 2 I - T L ( J l l  CK 227 

T Z = T l  I J 2 1  +TP CK 229 

1 L f A l ~ l l ~ D E L T A / 6 ~ ) * ~ Y L ~ J l l ~ l 2 + Y L ~ J 2 ~ * l l l / O E L T A  CK 231 
YYC=tAl*X+A2l*X+A3 CK 232 
D K C ~ ~ Y Y C - Y I C P l / ~ X ~ X P ~  CK 233 
DKU=(YYU-YYVPl I t  X-XP I CK 234 
IF (DKUoEQoOKC) GO TO 23 CK 2 3 5  
YKU.IP+ t YYCP-YVUPI/ t DKU-DKC I CK 236 
I F  (YKU~GE~XP.AND.XKU.LEOXI  60 TO 28  SK 237 
O ~ L = ~ Y Y L - 1 Y L P I / f X - X P l  CK 230 
I F  (DKL.EO.DKC) 60 TO 26 CK 239 

CK 240 %KL.XP+I ' ~ P - Y Y L P ) / ~ b K L - D K C l  

~ ~ Y U ~ Y P P U ( K t ) ~ ~ T 2 ~ ~ 3 ~ ~ 6 ~ * D E l l A ~ ~ l Z * O E l T ~ / 6 ~ l + Y P P U ~ K 2 l * ~  ;1*@3/(60*DE CK 2 2 0  

T l . - T P - T l ( J l l  CK 228 

Y Y L ~ Y P P ~ ( J 1 ) * ~ T 2 + + 3 / ~ 6 ~ * ~ ~ l ~ A ~ ~ l 2 * ~ ~ l T A / 6 ~ ~ + Y ~ P ~ ~ ~ 2 ? * ~ ~ 1 * * ~ / ~ 6 ~ * ~ ~  CK 230 

123 



L13TIW6 OF OrCKc CARTW 

CAR0 worn 

230 

255 

260 

265 

2tO 

275 

298 

241 IF 
26 XP= 

YYL 
VYU 

245 YYC 
27 CON 

GO 
20 NT= 

L X t  
XLS 
YC ( 
ou= 
Ta t 
TH( 
f P  
DF L 
T l  
1 2 m  
YVU 

1LTA 
YLS 
YC t 
D=A 
Tlm 
YR I 

l r  TK 
60 

29 NTm 
LX l  
XLS 
xc t 
D L  
TK t 
fH ( 
TP = 
DEL 
11- 
t 2 -  
YYL 

l L T A  

124 



ORIGINAL PAGE Is 
OF POOR QUALITY 

11fTINS O f  DECK: CARTK PA6E 0 

2e5 

30 

290 

295 

30Q 

305 

310 

319 

320 

C 
C 
C 
3 1  

C 

C 

32 
C 
C 
C 
33 
C 



LISTfW6 OF OECKc CARTK 

CAPO NO. 

?A6€ 9 

321 

325 

3 30 

335 

340 

345 

3 50 

355 

360 

Cbi 321 
CK 322 
CK 323 
CK 324 
CK 32s 
CK 326 
CK 327 
tK 326 
CK 328 
CK 330 
CK 331 
CK 332 
CK 333 
CK 334 
CK 335 
CK 336 
CK 337 
CK 338 
CK 339 
CK 340 
CK 341 
CK 342 
CK 343 
CK 344 
CK 343 
CK 346 
CK 347 
CK 340 
CK 349 
CK 350 
CK 351 
CK 352 
CK 353 
CK 354 
CK 354 
CK 356 
CK 357 
CK 358 
CK 359 
CK 360 



oR1GINAL PAGE iS 
OF POOR QUALITY 

PACE 10 

CARD Woo 

3 6 1  

37  

365 C 
C 

370 

375 

3 60 

3es 

390 

394 

4 0 0  

3q 

39 

40 

41 

42 
43 
44 



PACE 11 

CK 4 0 1  
CU 489 
CK 403 
CK 4M- 



L I f l I N 6  OF DECK8 I N T P  

ORlGfNAL PAGE IS 
OC: POOR QUALITY C A 6 t  1 

CARD NO. 

1 

5 

10 

15 

20 

25 

30 

35 

40 

C 
C 
C 
C 
C 
C 

C 

C 

C 

C 

C 
C 

C 
C 
C 

1 
C 
C 
C 
2 

It 1 
It 2 
I t  3 
I T  4 
I T  5 
I T  6 
I t  7 

It 10 
If 11 
It 12 
I T  13  
IT 14 
I T  15 
I t  16 



L I S T I N 6  OF DECK8 I Y f P  

C A W  NO. 

41  

45 

50 

3 
6 

55 

60 
5 

C 
C 

65 C 

70 

6 
C 
C 

?S C 

PO 

ORlGiNAL PBbz is 
OF POOR QUALITY 

P16E 

I t  
I t  
It 
It 
I t  
I T  
I T  
I T  
I T  
If 
I f  
It 
It 
I t  
I t  
I f  
I t  
I t  
I t  
It 
I t  
I T  
It 
I t  
It 
I t  
It 
I t  
1- 
I t  
It 
If 
It  
It 
I t  
It 
IT 
It 
I f  
IT 

E 

4 1  
42 
43 
44 
45 
46 
67 
48 
40 
50 
51 
5 2  
33 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
60 
69 
70 
71 
72 
73 
74 
75 
76 

78 
79  
00 

n 



L I S T I N 6  OF DECK8 INTP 

CARD NO. 

P t  

85 

9 0  

9 5  

1 0 0  

105  

110 

C 
C 
C 

C 
7 

P 
9 
1 0  

11 

1 2  
1 3  
1 4  
I5 
1 6  
1 7  
1 8  
1 9  
20  

ORIGiNAC PAGE W 
OF POOR QUALITY PA6E 3 

YRITE ( 1 ~ 1 4 )  XNT It a1 
WRITE ( J W R I l E e l S ~  C X U ( 1 ) m f ~ l r N I N T )  It 82 
WRITE ( J W R I T € r l 6 )  CYU(1)s ImlsNINT)  It 83 
URITE (1.17) C X U ( f ) r Y U C I ~ s I ~ l s N I N T )  I f  84 

It 85 WRITE ( J W R I T E i l B )  N I N T  
WRITE ( 1 ~ 1 4 )  XNT I T  86 
URITE t J Y R I T E i  19) C XLt  1). I m l r  NINT) It 87 
URITF (JWRITEsZO)  ( V L C 1 ) s I ~ l r N f N T )  I T  88 
WRITE ( 1 ~ 1 7 )  ~ X L ~ I ) ~ Y L ~ I ) r I ~ 1 e N I W t ~  I t  8 9  

I T  90 
RETURN TO CALLING PROGRAM I T  91 

I T  92  
RETURN It 9 3  

It 04 
FOPMAT C ~ H ~ I ~ K I ~ H T I T L E -  ~8A101126XsI2Y-UPPER SURF ACE I N l E R P O L A t  It 9 5  

1E 0 COOR DINATES-I #OX, 141, l o % *  2HXU, 13Xe 2HYU, 11 XD 5HDYIDX. 6Xs 11HD 4 O Y l  11 9 6  
2DX ) t D X p  ~XI~HCURVATURE ) It 9 7  

FORMAT ( 1 1 0 ~ 2 F 1 5 ~ 6 r 3 E l 5 0 6 ~  It 98 
FORMAT (IlOXs7HCHORO msF10.6) I t  99 
FQRWT t l H 1 ~ 5 X ~ 9 H T I f l L ~  ~ b A 1 0 1 1 2 6 X ~ 4 2 ~ 1 O U E R  SURFACE INTERPOLAT I T  100 

l E b  COORbfNATES-1 1 9 X s  1 H I s  1 O X i  2 H Y b  13x1 ZHWI ~ I X I ~ H ~ Y I O X I ~ X ~  l l H D  ( O r /  I T  101 
2OX 1 IDXs ~XIPHCURVATURE It 1 0 2  

FORMAT ~ 1 H ~ ~ l O X s S O H T H E  FOLLOWIN6 DATA HAVE REEN PUNCHED FOR A CHOR It 1 0 3  
10 m r F 1 0 . 6 l l 3 X ~ 9 H T I T L E -  ,6A10) I t  1 0 4  

FORMAT (8A10)  I T  1 0 5  
FORMAT (SXs4HNU mr14)  If 106 
FORMAT (F10.T) I T  107 
FOPMAT (5Xs4t4XU ~ ~ 8 F 1 0 ~ 6 1 ~ 9 X s 8 F 1 0 o 6 ~ ~  I T  1 0 8  

I T  109 
It 110 

FORPAT C~XIIHNL =.I41 IT 111 
FORMAT ( S X S ~ H X L  m r 8 F l O  -61 (9X~8F10 .6 )  I T  1 1 2  
FORCAT (5X i4HYL ~ i6F l0 .6 / (9X,BF10.6) )  IT 1 1 3  
END I T  L14- 

FORRAT OXsZHYU ~ s 8 F 1 0 ~ 6 l ~ 9 X ~ 8 F 1 0 0 6 ) )  
FOPMAT (2F10.6) 
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LISTIN6 OF DCCKa COORD 

CARD NO. 

PAGE 1 

1 
C 
C 
C 

5 C 
C 
C 

C 

C 
C 
C 
C 

10 

15 

20 

1 
2 

25 

30 

3 
2s 

40 

4 

SU6ROUf INE COORD I lH€TA.Y PPS. YSMOr WPr TI YS r DY DXr DY2DXt CURV 1 CD 1 
CD 2 

ROUTIN€ TO COMPUTE THE Y COORDINATE. DY/bXw D(9YIDX)/DXr AND CD 3 
CURVATURE AT A CIVEN VALUE OF THETA CD 4 

CD 5 
CODED RY -- HARRY MORGAN WASA/LARCITAD/AA6 1982 CO 6 

CD 7 
D I M E N S I O N  THETb(l)r YPPS(1)r YsMo(1) CD 8 

CD 9 
COMMON lbLK11 PfrPfZsRADrtONS CD 10 

CD 11 
COfHt X I  .(FXP( X)+EXP(-X 1 1/20 C D  12 
f INH ( X 1 ( EX P ( X )-EX P (OX ) 1 / 2 CO 13 

CD 14 
60 1 K.2rWP CD 13 
J .KO1 C D  16 
IF (TI~~E~THE~A(J)oAND.TIoLE~~HETA(K)) 60 TO 2 CD 17 
C ON1 I NUL CD 18 
DELTA~THEfA(J+l)-THETA(J) CD 19 
T2~1H€T~(~+l~-TI C D  20 
Tl.TI-TMElA(d) CD 21 
Y I ~ Y P P S ( J ~ * ~ T 2 * * 3 / ~ 6 . * D E L T A ~ ~ l 2 * D E L T A / 6 ~ ~ + Y ~ ~ S ~ J + l ~ * ~ T l * * 3 / ~ 6 ~ * D E L  CD E2 

L T A ~ ~ l l * D E L T A / 6 . ~ + ~ Y S M O ~ J ~ * T Z + Y S M O ~ J + I ) + T l ~ ~ ~ E L T A  C D  23 
Y P f ~ Y P ? S ~ J ~ * ~ D E l f A l 6 . - f t + f 2 / ~ 2 ~ * D E L l A ~ ~ + ~ P P S ~ J + l ~ * ~ l l * l l / ~ 2 o * D E L T ~  CD 24 

L ) ~ O E L T A / 6 . ) + ( Y S ~ O ( J + l ~ ~ Y S W O ( J ) ~ / D E L T A  CD 25 
YPPI~(Y~PS(J)*T2+YPPS(J+l~*ll~/DELlA CD 26 
D€LTA*Y PI CD 27 

TP.AbS(T1) C D  29 
IF (TP.GTm?12) 60 TO 3 CD 30 
6 0.C DNS *S I N  t ?P ) CD 31 
CPP.CONS*COS(TP) CD 32 
60 TO 6 CD 33 
TI .C OSM ( T?-PI Z ) CD 34 
12-SIWH (TP-PI?) C D  3s 
6P=CONS/Tv CD 36 
6PP~-CONS*T2l(Tl*Tll CD 37 
IF ~ T P ~ L E ~ O ~ O o O R . C P . L O . 0 ~ 0 ~  00 TO 5 CD 36 
DY OX =DE LT Al6P CD 39 
OY2DX=(YPPI*6P-DELTA*CPP~/(6P**3) CD 40 

IF t TI. LF a 0 . 0 )  D L L T A ~ ~ D E L T A  CD 2e 
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ORIGINAL PAGE IS 
CF POOR QIIflLlTY 

LISTING OF DECK: COORO 

CARD NO. 

PAGE 2 

CD +l 
C D  42 
eo 43 
co 64 
CD 45 
CD 46 
CD 47- 

133 



LISTIN6 OF D€CK# SINH 

CARD NO* 

1 FUNCTION SINWtX) 
C HYPERBOlIC SIN€ 

SIWH~O. 5* (E RPt X I-E XP (0x1 I 
RETURN 

3 EN0 

ORWNAL ‘PAGE PS 
OF POOR QUALiV 

PA6Q 1 

SH 1 
stl 2 
SH 3 
SH 4 
SH 3- 
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ORIGINAL PAGE LS 
OF POOR QUALITY 

LIftIWC OF DECK8 COfH 

CARD NO. 

1 FUNCTION COSHtX) 
C HYPERBDLIC Ct SINE 

COSH.O.5* t t  XP t X 1 *EXP ( -X  I I 
RETURN 

5 END 

?AG€ 1 

CH 1 
CH 2 
C H  3 
CH 4 
C I  5- 
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APPENDIX B 

ORIGfNAL PAGE IS 
OF POOR QUALITY 

COMPUTER'.LISTING OF AIRFOIL SCALING P R O G W  AFSCL 

Thi s  appendix c o n t a i n s  a computer l i s t i n g  o f  the  a i r f o i l  scal- 

ing program AFSCL which c o n s i s t s  of a main program and two s u k -  

r c u t  irles. 



L I S T I N G  OF DECK8 SCLLE 

CARD NO. 

ORlgNAL PAGE IS 
OF POOR QUALITY 

PA6E 

10 

15 

20 

25 

30 

35 

40 

1 PR06RAM f C A L E ~ I N P U T ~ O U T P U T ~ T A P E ~ ~ I N P U T r ~ A P E 6 ~ O U T P U T ~ T A P € l ~  SC 
c YC 
C THIF PROGRAM PRESENTS A TPCHNIOUE FOR SCALING ?H€ COORDINATES OF SC 
C AN A I R F O I L  FROM I T S  INPUT MAXIMUM THXKNESS RATIO TO A DESIRED sc 

5 C OUTPUT IlAXIMllR THICKNESS RATIO sc 
C SC 
C CODE0 BY -- HARRY llORGAN NASAfLARCfTADfA4fJ. 1902 sc 
C sc ~*********~******+****************************~+~****~*****+*~*+~~+~*~~~ SC 
C* SC 
C* CESCRIPTION OF INPUT CARDS FOP f C 4 L I Y G  PROGRAM sc 
C*  sc 
C* . . . . . . . . . . * re  ................*.... . . . 0 0 0 0 ~ 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 *  sc 
C* * sc 
C* CARD NUMBER DE 5 CR I P  T I ON SC 
C* * f C  
C * . . . . . ~ . . ~ . . ~ . . ~ ~ . . . . . . . . * . . ~ ~ . . . . . . . * . * . . * . . . . * . o o o o o o o o o * o * * o o o o o o * o *  sc 
c+ 1 FORMAT(8AlO) * SC 
C* T I T L E  CARD SC 
C+......r...........~...............o...................*.*........**oo* sc 
CQ 2 FOR RAT 4 4F 10 0 t sc 
C* N t  - NUMBER OF INPUT CAMBERr THfCkNESSr AN0 SLOPE SC 
C* POINTS sc 
C+ IPLOT - PLOT OPTtON + sc 
C* 0 - NO PLOTS DESIRED * sc 
C* 1 - PLOTS DESIRED sc 
C* IPUNCH - PUNCH OUTPUT OPTION SC 
C+ 0 - NO PUNCHED OUTPUT DESIRED + SC 
C *  1 - PUNCH COORDINATES OF SCILFD A I R F O I L  sc 
C* I Q P  .. SLOPE OF CAM8CRLINE OPTTQN SC 
C* 0 - SLOPES INPUT ON CARD 3 * sc 
C* 1 - SLOPES COMPUTED BY PROGRAM sc 
C* . . . . . * . . . . . ~~ . . . .~~ . . . . . . * . . . . . * . . * * . . * . . .o .~ . . . . . .oo .~ooooo~oo*ooooo~ sc 
c +  3 FORMAT(4FlOaO) sc 
C* XC - X l C  COORDINATES OF CAMBEbLINO sc 
C *  YC - V f C  CflOROINATES OF CAMBERLINF * f C  
C* TU - T f C f 2  THICKNESS DISTRIBUTION + ,c 
C* TH - SLOPE OF CAM8ERLINL I N  RADIAWS re 
C* NOTE -- CARD 3 I S  RE40 NT TIMES SC 
~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ b ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ O O ~ ~ ~ ~ ~ ~ ~ O ~ O ~ O ~ ~ ~ O ~ ~ O o  sc 

1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
39 
33 
34 
35 
36 
37 

59 
40 

3e 
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l I S T f M 6  OF DFCKt SCALE ?16L 

CARD NO, 

50 

55 

60 

bS 

70 

75 

I O  

C 

C 

C 

C 
C I N I T I A L X 2 E  PROGRIN CONSTANTS 
C 

COMMW I B L K 1 1  P I r P f 2 r R A b ~ c o M f  

COWON /INOUT/ JREADD J Y R I f E r  I P R I N T  

f I N H ( X ) ~ O o S * ( E X P ( X ) ~ E X P ( - X ) )  

J V R I  TE= 4 
J R  € 1 0 ~ 9  
IPRIMT=O 
NTRAX=lOl  
P1.ACOSt-lo) 
P f Z = P I I Z .  
R A b ~ l I O o l P l  
COMS~loI(lo+ATAN1SIMH(PI2~~) 

C RE40 AYD PRINT INFUT DATA 
C 
1 READ (JREADe26) T I T L E  

sc 
sc 
sc 
SC 
sc 
sc 
SC 
sc 
SC 
sc 
SC 
SC 
sc 
sc 
sc 
sc 
sc 
SC 
sc 
sc 
SC 

2 

4 3  
42 
43 
44 
45 
46 
47 
40 
49 
50 
51  
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
b2 
63 
64 
65 
66 
67 
ba 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
eo 



L I S T I N G  OF DECK: S C N E  

CARD NO* 

0 1  

85 

00 

95 

100 

105 

I10 

115 

120 

2 

C 
e 
C 

C 
C 
C 

3 

4 

C 
C 
C 
C 

PA6€ 3 

SC 81 
SC 82 
SC 83 
sc 84 

SC 86 
SC 87 
sc 88 
SC 09 
SC 90 
SC 91 
sc 92 sc 93 
sc 94 
SC 95 
SC 96 
SC 97 

SC 99 sc 100 
sc 101 sc 102 
SC 103 
SC 104 sc 109 
SC 106 sc 107 sc 108 
SC 109 
sc 110 
SC 111 sc 112 
SC 113 
SC 114 sc 115 
SC 116 
sc 117 sc 118 
SC 119 
sc 120 

sc es 

sc 943 
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ORIGINAL PAGE W 
OF POOR QUALITY 

LISTIN6 OF D€CWt SCALE ?M€ C 

CARD MOO 

1 2 1  5 

12s 

130  

135 

140 

14s 

153 

155 

160 

8 

9 

10 

11 

12 

c 



L I S T I N 6  OF D€CKt SCALE 

ORlGlNAL PAGE I$ 
OF POOR Q l l A L n r  PA6E 3 

CARD NO. 

161 

165 1 3  
1 4  

15 

16 
c 

170 

175 

180 

1 8 5  

190 

195 

2 00 

17 

1 8  

C 
C 
C 

19 

2 0  
C 
C 
C 

DO 13 J-1.~1 
Jl -J  

I F  f O C * l s  CORPUTE SLOPES OF 

J 2 - J + 1  SC 163 
I F  (H(~I~l~.6€.7HET~~J~.~O.WK~I~l~.LF.tHETA~J+l~~ 60 TO 14 SC 16+ 
CONTINUE SC 165 
AA*THETA( J2)-W( 1s  1) SC 166 
8B*YKfI . l ) -THETA(Jl)  SC 167 
DELTA-THETA(JZ)-THETA(Jl) SC 160 

1DF~TA)-OB*DELTA/b~ )+( TKt J l ) *AA+TK(  J Z ) * I B )  IOELTA SC 170 
CONTINUE SC 171 

COFPUTE AND PRINT MAXIMUM THICKNESS SAT10 SC 172 
SC 173 
SC 171 
SC 175 
SC 176 
sc I?? 
SC 178 
SC 179 
sc 180 

SC 183 
sc 101 
sc 185 

I YE SC 186 
SC 107 
SC 108 
SC 189 
SC 190 
SC 191 
SC 192 

~ H ~ f ~ ~ ~ Y P P ~ I ~ * D E L T A 0 3 o ~ Y P P ~ I ~ l ~ * D E L T A / 6 o + f Y C f I + l ~ ~ ~ C ~ I ~ ~ 0 D E L T A  SC 193 
SC 194 60 TO 20 

DELTA-XC(NT)-XCtNf-l)  SC 195 

TH( I ) -ATAN(TH( I ) )  SC 197 

COMPUTE AND PRINT COORDINATES OF INPVT AIRPOIL SC 199 
sc 200 

UK (1.3) *Y PP( J 1  )*tAA**30(6o*DELTA)-AA*O€LTA06o #+YPP(JZ)*(BB*+30 ( b o *  SC 169 

sc SC 102 181 

TH( I ) -Y PP (NT-1 )*DLLTA06**YPP(NT )*DELT403o* t Ye f NT)-Yc (NT-1) ) IDELTI  SC 196 

sc 198 

AIIBER 

I F  ( I O P * N E * l )  60 TO 21 
CALL CUISPL 1 XC*YC*YPP.NTpUK) 
00 2 0  f * l e N T  

D E l ~ A ~ X C ~ I + l ) - X C ( I )  
I F  (1.EQ.NT) 60 TO 19 

SC 161 
SC 162 
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ORlGiNAt PAGE IS 
OF POOR QUALm 

L I S T I N G  Or D€CK8 SCILE PA66 6 

CARD NO. 

2 0 1  

205 

210  

215  

220  

2 23 

230  

235  

240  

2 1  

C 
C 
C 

22  
C 
C 
C 

t 
C 
C 
23 

24 

C 
C 
C 
25 

C 
26  
27  
28 

29  
30 
3 1  
32  
33 
3 i  
35 
36 
3? 

C b LL SC TIt f XC e YC 8 TKr THr NTr I TLE e TWMAX TK HA I r I oUWCHr 1 PL 07. I ER R 1 sc 2 0 1  
I F  ffERR.NE.0) 60 TO 1 sc 202  

SC 2 0 3  
COMPUTE AND P I I N 1  COOROIWITLS OF SCALE9 AIUFOILS 

DO 2 2  1.lSLt 
CALL SCTK 
I F  f IERR.Nf.0) 60 TO 1 

f XC , YC, TKrTH,NT. TZTLEy TK#EY( 1). TKMAXm IPUWCHr ICLOTr  I E R R  1 

CONTINUE 

READ NEXT CASE 

60 TO 1 

PRINT ERROR MESSACE 

URITE f JYRITEs3@J 
6 0  TO 1 
MRITE f J U R I T E r 3 9 )  NTMAX 
GO TO 1 

SC 204 
sc 205 
SC 2 0 6  
sc 201 
sc 2 0 8  
SC 2 0 9  
SC 2 1 0  
SC 2 1 1  
SC 212  

SC sc 2 1 3  21*  
sc 2 1 5  
SC 2 1 6  
3C 2 1 7  
sc 2 1 0  
SC 2 1 9  
sc 2 2 0  
SC 2 2 1  

F I N A L I Z E  PLOTTIN6 DEWfC€ sc 222 
SC 2 2 3  

CALL CALPLT f O o s 0 * ~ 9 9 9 1  
STOP 

sc 2 2 6  
sc 2 2 5  
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ORIGINAL PAGE IS 
OF POOR QUALITY 

lISTXN6 OF DECK1 SCALE PA6E 7 

CARD NO. 

241 39 FORHAT f I I 5Xs6WfT /C) IAX OF INPUT A I R F O I t  U l f  NOT FOUND - CH€CK Y SC 241 
1WR INPUT DATA) SC 242 

3 9  FORHAT ~//SXIJSHINPUT CARD ERROR - NT 6REATER THAN ,141 SC 243 
END sc 264- 
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ORIWAL PAGE IS 
OF POOR QUALITY 

LfSTfw6 OF DECK1 SCTK PaCE 1 

CARD NO. 

1 

10 

15 

C 
C 

5 C 
C 
C 
C 
C 

C 

20 

25 

30 

3s 

1 
C 
C 
C 

2 

60 

SUIROUt I N €  SCTK ( XCr Y C ~ ~ K ~ T H ~ N T I T ~ T L E ~ T K N E M ~ ~ ~ ~ A X ~  IPUNEH, I P L O f r  ILR SK 1 
1R B SK 2 

SK 3 
THIS SUBROUTIN€ SCALES THE COORDINAtES OF bN a1RFOfL FROM A BASIC SK 4 
U X I W M  THICKNESS RATIO (TKMAX) TO A MEW M A X f W  THICKNESS RATIO SK 5 
t TKNEW SK 6 

SK 7 
CODCD 0 Y  - HARRY NORGIN NAfAfLARCfTAbfAAB 1982 SK 0 

SK 9 
DIPENSION X C ( 1 ) s  Y C ( l ) r  l K ( 1 ) ~  TH(1). TITLE(@)  SK 10 

SK 11 
COPROW /HLW X ~ 2 Z O ~ ~ Y ~ 2 2 0 ) ~ X ~ ~ 1 1 0 ) r Y U ~ l l O ~ r ~ ~ ~ l ~ O ~ r Y L ~ l l O ~ r X P ~ ~ ~ l l  SK 12 

SK 13 1 0 ) . Y P R ~ ( 1 1 0 ) ~ T P R T ( l l O D  

COIWON f8LK1 f P I  P 12 RADS C OMS 

COPMOW ffNMlfl J R E A D ~ J Y R I T E ~ I P R I ~ T  

SK 14 
SK 1S  
SK 16 
SK 17 
SK 18 

SCALE THICKNESS AND CUMPUTE UPPER ANF LOWER SURFACE COORDINATES SK 19 

LOA0 SURFACE COORDINATES INTO X AND Y ARRAYS 

DO 2 I * l e W T  
J=NT+ l - I  
X (  I) =XL (J 1 
Y ( ? l o l l  t J 1 
N=NT 
M e 1  
I F  ~ X U ~ l ) ~ S O o X L ~ l ) ~ A W D ~ Y U ~ l ~ o E Q o Y L ~ l ~ ~  am2 

SK 
SK 
SK 
SK 
SK 

SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 

sa 

20 
2 1  
22 
23 
26 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
36 
35 
36 
37 
38 
39 
40 



ORIGINAL PAGE B 
OF POOR QUALln 

L IST ING OF D € C K *  SCTK 

CARD NO. 

4 1  DO 3 I = h N T  
N = N * ~  
X f  M I  =XU( 11 

3 Y f N ) = Y U f f )  

?A66 

SK 
SK 
SK 
SK 

4s C 
C 
C 

4 
30 

35 

5 

60 

65 
C 
C 
C 
6 

70 

7 
75 

n 
C 

SK 
INTERPOLATE OR EXTRAPOLATE TRAIL ING EDGE COORDINATES sa 

sa 
I F  f X t l ) - X f N J )  48685 SK 
D E L T l ~ X f 2 ) - X I l )  SK 
D F L T 2 = X f 3 ) - X f l )  SK 
DELT3.Yf 2 J-Yf 1) SK 
D E L T 4 * Y O ) - Y f l )  SIC 
Y f l ~ ~ Y f l ) * f X ~ N ~ - X ~ 1 ~ ) * ~ f D E L T 3 * D E L T 2 - D E L T 4 * D E L T l l * f X f N ~ - X f l ~ ~ + f D E L T  SK 

l 4 * b E L T 1 * D E L T 1 - D E L T 3 + D L L T 2 * O € L T 2 ~ ~ ~ f D € L T 2 * O E L T l * D E l T l ~ D E l l l * O € ~ T 2 * D  SK 
2ELT2 8 SK 

X (  l).Xf N )  SK 
60 TO 6 SK 
D E L T l ~ X f N - l ) - X ( N - 2 )  SK 
D€LTZ.XfN)-XfN-2J SK 
DELT3=YCN-l)-YfL-2) SK 
DELT4.YfN)-YfN-2) SK 
YfN)~YfN-2~+fX~1)-XfN~2~~*ffD€LT3*DELT2~DEl~4*DElll~*fXfl~-XfM~2~~ SK 

!*f D€LT4*DELTl*DELTl-DELT3*DELT2*DELT2) ) I f  ~ELT2*~ELTl*bELTl-DELTl*D SK 
2FLT2*DE 112)  SK 

X f  N) =It 1) SK 
SK 

COMPUTE LONGEST CHORD SK 
SK 

CHORD*OeO SK 
DO P fm21Y SK 
DELT=Xf 1 ) -X f  I )  SK 
I F  (DELT.GT.CHORD) 60 TO 7 SK 
GO TO 8 SK 
CHORD=DEL 1 SK 
NOS€=f SK 
C ONT 1NU E SK 

SK 
C ADJUST COORDINATES FOR LONGEST CHORD 
C 

eo DElT=rf  NOSE) 

SK 
SK 
SK 

2 

4 1  
42 
43 
44 
45 
46 
47 

49 
50 
5 1  
52 
53 
54 
55 
36 
37 
58 
5 9  
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
eo 

48 
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ORlGiNAL PAGE 1s 
OF POOR QUALITY 

L I S T I N 6  OF DECK, SCTK P U P  3 

CARD NO. 

81  

05 

90 

95 

100 

1 0 5  

110 

1 1 5  

1 2 0  

9 
C 
C 
C 
C 

10 

1 2  
C 
C 
C 

12 

13 

C 
C 
C 

1 4  
C 

00 9 I - b N  
t f I) =f  X f I )-D%LT)lCHURO 
Y ( I ) = Y f  1)lCHORD 

CHECK UPPER AND LOUER SURFACE X VALUES TO DLTECT CROSSOVER OF 
PERPENDICULARS TO CAIIOERLINE AND TO FTND NOS€ POINT 

00 10 f=2iNOSE 
I F  f X ( I ) - X f I - l ) )  l O r 2 O e 2 0  
C ON1 I NU E 
J=NOSE+ 1 
00 11 1mJ.N 

CONTINUE 
IF t x t I ) - x t I - i ) )  20~20,11 

LOAD COORDINATES INTO UPPER AND LOUPR SURFICF ARRAYS 

DO 12 I = l r N O S E  
I 4 O S E * l - I  
X L ( 1  ) = X f  J )  
Y L t I  )=Y f J 1 

J I* l+OS E 
XU( J )OX f I )  
VU( J)=Y (1) 
NlrWOSE 
N UmN-NO S E + 1 

00 13 I=WOSEIN 

PRINT SCALED SURFACE COORDINATES 

WRITE ( J U R I T E i 2 1 )  f fTLErTKN€W 
J=NU 
IF fNI.6l.NU) J-NL 

SK 81  
SK 82 
SK 03 
SK 04 
SK 84 
SK 66 
SK 87 
SK 88 
S I  89 
SK 90 
SK 91 
SK 92 
SK 93 
SK 94 
SK 95 
SK 96 
SK 97 
SK 98 
SI( 99 
SK 100 
SK SK 101 102 

SK 103 
SK 104 
SK 1 0 4  
SK 106 
SK 107 
SK 108 
SK 109 
SK 110 
SK 111 
SK 112 
SK 113 



L I S T I N 6  OF D€CK: SCTK 

ORIGINAL PAGE IS 
OF BOOR QUALITY 

PA6E 4 

CARD NO. 

1 2 1  

1 2 s  

1 3 0  

1 3 5  

140 

145 

1 5 0  

15s 

1 6 0  

C 
e 

UR I 
DEL 
00 
XPR 
YPR 
t P  R 
DE L 
DEL 

1 5  Y R I  
C 
C 
C 

I F  
W R I  
UR I 
YR I 
DEL 
Y R I  
VR I 
YR I 
YR I 
WRf 
DEL 
YR I 
W R I  
YR I 
Y R I  

1 6  I F  

P 

1 
1 
1 
1 
1 
1 
1 
1 
1 

F 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 

rE ( J U R I  
'4*TKN€U 
,5  I * l , N  
' t I l = ( x C  
'(1 ) =YC ( 
' ( I ) = t K (  
'3.2 . O W  
rl=TH( I) 
'E ( J U R I  

WNCH DE 

IPUNC HI 
'E (JURI 
rE (le27 

'1 . FL 04 T 
'E ( 1 ~ 2 9  
'€ ( J U R I  
IF ( J U R I  

'E l J U R I  
' l = F L O l T  
rF (lr29 
rE (JURI 

rE ( 1 ~ 3 2  
I I PLOT .E 

rE (JURI 

rE (ir32 

rE (JURI 

IBER AND THICKNESS D I S T A I ~ U T r O N S  

'€124) TITLEDTKNEM 
'TKMAX 

I)-DELT)/CHORD 
) ICHORD 

~ )*OELT4 
W ( 1 )  
IRA0 

: I R E 0  OUTPUT DAT4 

'E, 25) 1, XPRTt 1) sYPRT( I )  sD€LTl r@ELT3 

SK 1 2 1  
SK 1 2 2  
SK 1 2 3  
SK 1 2 4  
SK 125 
SK 1 2 6  
SK 1 2 7  
SK 128 
SK 129 
SK 1 3 0  
SK 131 
SK 132 
SK 1 3 3  
SW 1 3 4  
SK 135 
SK 136 
SK 137 
SK 1 3 8  
SK 139 
SK 140 
SK 141 
SK 1 4 2  
SK 143 
SK 144 
SK 1 4 3  
SK 1 4 6  
SK 1 4 7  
SK 1 4 8  
SK 1 4 9  
SK 1 5 0  

C SK 1 5 1  
C PLOT AIRFOIL SHAPF AND CIM8ER AND T W I C K W S S  DISTRIBUTIONS SK 1 3 2  
e SK 1 5 3  
C LABEL PLOT SK 1 5 4  

CALL CALPLT I Z o 1 O * r 0 3 )  SK 1 5 3  
CALL NOTATE (Oo8OoDo409C4HPLOt OF AIRFOTL G C ~ C R A T L O  @Y SCILINC PRO SIC 1 5 6  

lGRAfl10. ~ 4 4 )  sK 1 5 7  
SK 138 C A l l  NOTATE 

CALL NUM8ER ( ~ O . O I O ~ S . ~ O I T K N E W ~ O ~ O ~ ~ )  SK 159 
CALL NOTATE (O.DI.,.~OIT~TLE~O.~~O) SK 160 

t 16 010. I 401 10H( T l C  1 MAX 0. 1 10 
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ORIQINAL PA= IS 
OF POOR QUALITY 

LISTING OF DECK: SCTK PA6E 5 

170 

175 

1 eo 

165 

190 

19s 

200 

S I  161 
SK 162 
SK 163 
SK 164 
SK L65 
SK 166 
f a  167 
SK 168 
SK 169 
SK 170 
SK 171 
SK 172 
SK 173 
SK I t 4  
SIC 175 
SK 176 
SK 177 
S I  1n 

sa 160 
sa 181 
sa 182 
SK 183 
SK 184 
sa 185 
SK 186 
SK 181 
SK 188 

sa in 

sa 189 
SK ive 
SK 191 
Sa 192 
SK 193 
SK 194 
SK 193 
SK l o b  
SK 197 
SK 1911 
SK 199 
SK 200 



ORIGINAL PAGE 'IS 
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L I S T I N G  OF DECK: SCTK PA69 6 

CARD NO. 

2 0 1  

205  

2 1 0  

215  

220 

225  

230 

235  

1 9  

C 
C 
C 
20  

C 
2 1  

22  
23 
24 

25 
26  

27  
20 
29  
30 
3 1  
32  
33  
3+ 
35 
3 6  

37 

C ON1 I NU E SK 2 0 1  
CALL L I N E  ~ X P R T I ~ P R ~ ~ N T I ~ ~ O I O ~ ~ . ~ )  SK 202  
CALL NFRANE SK 203 
RE TURN SK 2 0 4  

SK 205  
PRINT ERROR MESSAGE SK 2 0 6  

SK 2 0 7  
SK 208 WRITE tJWRITEv361 TITLEITKNEW 

WRITE (JWR11€137) ( 18 X t  I ) r Y ( I  D0 I ~ l , N I  SK 209  
SK 2 1 0  IERR.1 

RETURN SK 2 1 1  
SK 212  

FORPAT ~ ~ H ~ I ~ X ~ ~ Y T I T L ~ ~ ~ ~ X I O A ~ O ~ / ~ ~ X ~ ~ ~ ~ S C A ~ E D  COORDINATES FOR ( 1  SK 2 1 3  
1 l C  I R A X  #D F ? * Q ~ / ~ ~ X I ~ H U P P E R I  ~OXI~HLOWEP//OXI 1 H I s  ~ O X I ~ H X ~ C B ~ X D ~ H Y ~ C D  SK 214  
212x1 3HX/Cr7Xr3HY/Cl  S K  215 

FORRAT (5Xr  151 5Xr2F lOo6rSXr  2 F 1 0 * 6 1  SK 2 1 6  
FORMAT (SX115130X12Fl0.61 SK 2 l l  
FORRAT ( ~ H ~ ~ ~ X I ? H ~ ~ ~ L E - D ~ X I ~ A ~ O ~ / ~ ~ X ~ ~ ~ H ~ ~ M ~ ~ R  AND TNICKNESS D I S T  SK 218 

1RIBUTfONS FOR (T/C)MAX . D F ~ O C ~ / ~ ~ X ~ ~ H C A C B E R D ~ Z ~ ~ ~ H T H I C K W ~ ~ ~ ~ ~ O X D ~ H  SK 219 
SK 2 2 0  

FORMAT ~ ~ X ~ ~ S ~ ~ ~ ~ X ~ F ~ O O ~ ~ I S X I F ~ O * ~ I ~ X ~ ~ ~ O ~ ~ ~  SK 2 2 1  
FORMAT ( l Y l r l O X r 3 6 H T M E  FOLLOWING DATA HAVE AEEN PUNCHE0114Xr9HTITL SK 222  

r6 A101 lOH( T I C  ) M A X  m# F10.6) SK 223 
SK 224  FORHAT ~ ~ A ~ O I ~ O H ~ T / C ) L I X  .~F10.6) 

FORNAT (/~XIQHNU =rX4) SK 225 
FORMAT (F10.21 SK 226 

SK 227  
SK 228 

FOaNAT t2F10.61 SK 2 2 9  
FORRAT ( I ~ X I ~ H N L  mr14)  SK 2 3 0  
FORMAT ( 15x1 4HXL .I 6F 10.61 (9XrBF10161  I SK 2 3 1  
FOPRAT ( /5X#4HYL ~ r P F 1 0 ~ 6 / ~ 9 X r 8 F 1 0 0 6 1 1  SK 232  
FORHIT ( ~ C ~ ~ ~ X I ~ H T I ~ L E - ~ ~ ~ Y I ~ A ~ O / / ~ ~ ~ ~ ~ H A ~ T ~ ~ P T  TO SCALE AfRFOIL 1 SK 2 3 3  

10 tT1ClRAY . ~ F ? . ~ I ~ X I ~ ~ H F A I L E D  DUE To CRclSSfIU'ER OF PERPENDICULARS SK 235, 
210  CAMBEk * € / 1 9 X r l H f r Q X 1  3MX/C# 13x0  3HYlC) SK 235  

FOPRAT ( S X ~ 6 5 ~ 5 X ~ F 1 0 ~ 6 1 S X ~ F 1 0 0 6 ~  SK 2 3 6  
END SK 237-  

2 18  10 X r 3 HX /c I 1 2  X r 3HY /c I 11 x r  5Hf LO PE I l o x  r 5 HT /c / 2  1 

FORMAT (15x1 4HXU .I 6 F 1 0 * 6 / (  9x1 8F10. 61 1 
FORRAT t ISXr4HYU ~ ~ 8 F l O o b l ~ 9 X ~ ~ F 1 0 0 6 ~ ~  

I49 



L I S T I N G  OF DECKS CUBSPL 

CbRO NO. 

1 SUBPOL'TZNE CUBSPL ( X i Y r Y P P i N s A )  

ORIWAL PAGE 13 
OF POOR QIlALlM 

C 
C THIS SUBROUTINE F I T S  A CUBIC SPLINE TO A SET OF Y VS X INPUT 
C POINTS 

4 C 
C CODED BY - HARRY MORGAN NASAtLARClTADlAAB 1982 
C 
C I N  CALLING PROGRAM DIMENSION X I  YD AND YPP BY N AN0 A BY 2*N 
C 

C 
C COMPUTF % W I N O  DERIVATIVE AT END POINT? BY F I T T I N G  
C Y-A*X**2bOeX+C TO THE LAST THREE POINTS AND SOLVE FOR A. 
C SECOND 06RIVATIVE AT END POINT I S  THEM EWAL TO 2e*A 

.O DIRENSION X ( l ) s  Y I l ) ,  YPP(1)s A(Ns2)  

15 C 
H 1  = X  ( 2) - Z  (3 ) 
H2 .X (3) -X f t 1 
H3.W ( 1) -X ( 2) 

PAGE 1 

CB 1 
CB 2 
CB 3 
c s  4 
CB 5 
CB 6 
CB 7 
ca  8 
CB 9 
CB 10 
CB 11 
CB 12 
CB 13 
CB 1 4  
CB 15  
C b  16 
CB 17 
c a  18 
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OF POOR QUALlTY 

LISTfWG OF DECK: CUbsPL 

CARD NO. 

4 1  C 
J =N 
DO 2 I.2IWI 
J IJ -1  

45 2 Y P P f  J).Af J12l-Af J s l ) * Y P P f  J * l )  
C 
C RETURN TO C A L L I N G  PROGRAM 

5L 

C 
@€TURN 
END 

PAG€ 2 

CB 4 1  
CB 42 
CB 43 
Cb 44 
C8 45 
C B  46 
CB 47 

CB 49 
CB 50- 

CB 4a 
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APPENDIX Z 

DESCRIPTIrJN OF INPUT FOR AIRFOIL SMOOTHING PFJGRAM AFSMO 

T h i s  appendix  con ta ins  a d e s c r i p t i o n  of t h e  i n p u t  requirements 

f o r  t h e  a i r f o i l  smoothing program AFSMO. A l l  v a r i a b l e s  are i n p u t  

w i t h  a c a r d  format  of 8F10.0, except t h e  t i t l e  c a r d  which h a s  a 

format  of 8A10. 

CARE VAkl-r-3 VALUE - 
1 TITLE 

2 ITER - 
2 IPLOT 0 

1 

2 
3 
4 

5 
6 
7 
8 
9 

10 

2 IPiJNCH 

2 IOP 

0 
1 
2 
3 

4 

5 

6 

0 

DESCRIPTION 

80-column t i t l e  

Maximum number of smcothing ; - t e r a t i v e s  

No plots d e s i r e d  
P l o t  smooshed and unsmoothed and 
smoothed y' and yn v e r s w  8 
P l o t  smoothed and unsmoo. led 7 v e r s u s  Z 
P l o t  smoothed c u r v a t u r e  v e r s u s  e 
P l o t  camber and t h i c k n e s s  d i s t r i b u t i o n  
v e r s u s  K (ICAMTK mus t  equal 1) 
P l o t  combined opt ions 1 and 2 
P l o t  combined o p t i o n s  1 and 3 
P l o t  combined opt ions  1, 2, and 3 
P l o t  combined options 1 and 4 
P l o t  combined opt ions 1, 2, and 4 
P l o t  combined o p t i o n s  1, 2 ,  3, and 4 

No punched o u t p u t  d e s i r e d  
Punch m o o t h e d  x, y ,  and w 
Punch smoothed 0 ,  y: and w 
Punch smoothed 8 ,  , and w (YLTE, 
YNOSE, YUTE also punched)  
Punch smoothed 8 ,  p", and w (YLTE, 
YNOSE, YUTE also punched)  
Punch xCr  Y,, t / c /2 ,  and + 
of camber and t h i c k n e s s  d i s t r i b u t i c n  
(ICAMTK m u s t  equal 1) 
Punch i n t e r p o l a t e d  x and y c o o r d i n a t e s  
( I N T R  m u s t  equal 1 or 2 )  

Upper and lower s u r f a c e  x ,  y ,  and w 
i n p u t  
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CARD VARIABLE VALUE -- 

2 

2 

3 

4 

5 

6 

ICAMTK 

IBAD 

ITRN 

I N T R  

Nu 

xu, YU, wu 

NL 

XL, YL, WL 

1 

2 

3 

0 

1 

0 
1 

0 

1 

0 
1 

2 

- 
0 
1 
2 
3 

- 
0 
1 
2 
3 

DESCkI  PT ION - 
Upper and lower s u r f a c e  
i n p u t  
Upper and lower s u r f  ace 
i n p u t  
Upper and l G w e r  s u r f a c e  
i n p u t  

ORIGINAL PAGE fS 
01: POOR QuALm 

e ,  g, and w 

8,  y ' ,  and w 

e ,  ?", and w 

Do n o t  conpute -,amber and t h i c k n e s s  
d i s t r i b u t i o n  
Compute camber and t h i c k n e s s  d i s t r i b u -  
t i o n  

Do n o t  check f o r  bad i n p u t  c o o r d i n a t e s  
Check for bad i n p u t  coord'rlates 

Do n o t  t r a n s l a t e  and rotate i n p u t  
cocrd i n a t e s  
T r a n s l a t e  and rotate i n p u t  c o o r d i n a t e s  
so t h a t  x -ax is  co r re spond3  to long=st  
c h o r d l i n e  

No c o o r d i n a t e  i n t e r p o l a t i o n  desired 
I n t e r p o l a t e  smoothed 3 c o o r d i n a t e s  
f o r  s t a n d a r d  set of  57 x' c o o r d i n a t e s  
d e f i n e 3  i n  s u b r o u t i n e  INTP 
I n t e r p o l a t e  smocthed c o o r d i n a t e s  a t  
i n p d t  c o o r d i n a t e s  (must  s p e c i f y  NINT, 
XINT, and CNEM q u a n t i t i e s )  

Number of i n p u t  upper  s u r f a c e  p o i n t s  

Upper s u r f a c e  x,  y ,  and w 
Upper s u r f a c e  8 ,  9 ,  and w 
Upper s u r f a c e  0 ,  y'  , and w 
Upper s u r f a c e  8,  'y", and w 
( c a r d  4 m u s t  be i n p u t  NU times and x 
or 0 r u n s  from nose to t r a i l i n g  edge )  

Number o f  i n p u t  lower s u r f a c e  p o i n t s  

Lower s u r f a c e  x, y ,  and w 
Lower s u r f a c e  0 ,  y Z ,  and w 
Lower  s u r f a c e  0 ,  x', and w 
Lower s u r f a c e  8, y W r  and w 
( c a r d  6 must be i n p u t  NL times and x or 
0 r u n s  from nose  to t r a i l i n g  edge )  
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VALUE - CaRD VARIABLE - 
7 YLTE, YNOSE, - 

YUTE 

8 

9 

10 

X I N T  - 

DESCRIPTION 

Lower s u r f a c e  t r a i l i n g  edge ,  nose, and 
upper  s u r f a c e  t r a i l i n g - e d g e  
c o o r d i n a t e s  ( S k i p  t h i s  card i f  IOPoO 
or 1) 

N u m b e r  of desired i n t e r p o l a t i o n  
c o o r d i n a t e s  ( S k i p  t h i s  card i f  INTR = 0 
or 1) 

I n t e r p o l a t i o n  x c o o r d i n a t e s  (must be 
i n p u t  NIMT times w i t h  8 v a l u e s  per 
card, b u t  sk ip  i f  I N T R  = 0 or 1) 

Desired chord l e n g t h  of i n t e r p o l a t e d  I 
and 'y c o o r d i n a t e s .  (must  be greater 
t h a n  z e r o ,  b u t  s k i p  if INTR = 0 or 1) 

The pr imary  r e s t r i c t i o n s  o n  t h e  i n p u t  data are t h a t  the i n p u t  v a l u e  

of the v a r i a b l e s  ITER n o t  exceed  300 and t he  v a l u e s  of NU8 NL and 

N I N T  n o t  exceed 100. I f  the  u s e r  desires to i n p u t  a we igh t ing  v a l u e  

of 1.0 for any i n p u t  p o i n t ,  the WU and HL columns may be l e f t  

b lank .  The v a r i a b l e s  Hu and WL are checked i n  s u b r o u t i n e  INPUT to 

de te rmine  i f  t h e  weighting v a l u e  is less t h a n  1.0 and,  i f  so, a 

v a l u e  of 1.0 is s u b s t i t u t e d .  The c o o r d i n a t e s  and d e r i v a t i v e s  for 

the upper and lower s u r f a c e s  must be i n p u t  from t he  nose to t h e  

t r a i l i n g  edge f o r  each s u r f a c e  and must be i n  mono ton ica l ly  

i n c r e a s i n g  order. 

1 5 4  



ORlGMAL PAGE Is 
APPENDIX D OF POOR QUALITY 

DESCRIPTION OF OUTPUT FOR AIRFOIL SMOOTHING PROGRAM AFSMO 

This appendix contains a description of the output for the air- 

foil smoothing program AFSMO. Presented in table I1 is the sample 

12-page output for the smoothing program utilizing the plotr punchr 

camber and thickness, bad-point search, translation and rotation, 

and interpolation opticins. 

A summary of the input data is printed on page 1 and all of the 

quantities printed are described in Appendix C. It the IBAD option 

is exercised and bad coordinates are found, the bad points and the 

corresponding replacement values will be printed on page 2. The 

allowable deviation (TOLR) and the surface identifier are printed at 

the top of page 2. If the ITRN option is exercised, pages 3 and 4 

will be grinted. Page 3 contains a listing of the input prior to 

translation and roration and page 4 contains a listing after trans- 

lation and rotation. On each page the upper surface coordinates are 

listed on the left and lower surface listed on the right. The 

coordinates of the leading edge of the longest chord (XNOSE and 

YNOSE) in the input axis-syktern and the angle (ANGLE) between the 

longest chord and the input x-axis are printed at the bottom of page 

4. A summary of the input nondimensionalized E and y coordinates 
(X/C and Y / C ) ,  9-transformation values (THETA),  and weighting 

factors (W) are printed on page 5. All data are printed in the 

reordered format from the lower surface trailiag-edge point clock- 

wise around the airfoil to the upper surface trailing-edge point. 

If the IOP parameter equals 2, the input first derivative Y '  (YPS) 

will be printed instead of the coordinate and? likewise if the IOP 

equals 3,  the input second derivative Gm (YPPS) wit-1 be printed. 

The value of the computed chord (CHORD) is printed at the bottom of 

page 5. 
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ORIGINAL PA08 t8 
OF POOR QlJALITV 

A summary o f  the  results from t h e  i t e r a t ive  smoothing p r o c e s s  is 

p r i n t e d  on page 6.  The sum-of-squares d i f f e r e n c e s  g e n e r a t e d  d u r i n g  

t h e  i t e r a t i v e  least-squares polynomia l  smoothing p r o c e s s  are p r i n t e d  

i n i t i a l l y .  The d i f f e r e n c e s  av-  pr inted 10 to  a l i n e  w i t h  i t e r a t i o n  

1 to 10 on l i n e  1, 11 t~ 20 on l i n e  2, 21 to 30 on l i n e  3, and so 

m. I n m e d i a t e l y  f o l l o w i n g  t h e  p r i n t o u t  of t h e  d i f f e r e n c e s ,  a mez- 

sage is p r i n t e d  t h a t  states whether the smoothing p r o c e s s  converged 

either w i t h i n  a s p e c i f i e d  number of i t e r a t i o n s  or t o l e r a n c e ,  or 

began to oscillate d u r i n g  the smoothing process. 

print@:; is t h e  sum-of-squares d i f f e r e n c e  f o r  t h e  least-squares 

c u b i c - s p l i n e  smoothing process and s h o u l d  always be e q u a l  to t h e  

number o f  c o o r d i n a t e s  (NP) times t h e  square of  t h e  allowable d e v i a -  

The n e x t  message 

t i o n  (DF) . The l a s t  l i n e  p r i n t e d  on page 6 is t h e  r e s u l t  of t h e  

i t e r a t i o n  procedure i n  s u b r o u t i n e  YNW to match the  upper and lower 

s u r f a c e  slopes a t  the nose. The magnitude l i s t e d  for  DELTA is t h e  

i n c r e m e n t a l  v a l u e  added to  a l l  of  t h e  smoothed second d e r i v a t i v e  

v a l u e s  . 
A surmaary of t h e  smoothed a i r fo i l  p r o p e r t i e s  are p r i n t e d  o n  

page 7 .  The q u a n t i t i e s  l i s t e d  under t h e  THETA, X/C, and Y/C head- 

i n g s  are t h e  + t r a n s f o r m a t i o n  v a l u e s  and t h e  i n p u t  : and : coordi- 

n a t e s ,  r e s p e c t i v e l y .  The q u a n t i t i e s  l i s t e d  under  the YT/C heading  

are the  p a r t i a l l y  smoothed 3 c o o r d i n a t e s  g e n e r a t e d  d u r i n g  t h e  least- 

squares polynomial  smoothing process and under  t h e  YSPlC/C heading  

t h e  f i n a l  smoothed v a l u e s  f o l l o w i n g  t h e  s o l u t i o n  of t h e  c u b i c - s p l i n e  

m a t r i x .  The q u a n t i t y  l i s ted under  t h e  DELTA heading  are t h e  d i f f e r -  

ences between t h e  i n p u t  and f i n a l  smoothed ? c o o r d i n a t e s  

(Y/C - YSMO/C). The q u a n t i t i e s  l is ted under  t h e  YPS# YPPS, DY/DX, 

D(DY/Dx)/DX and CURVATURE headings are 9' , io 8 dy/dx, d2y/dx2,  and 
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k ,  r e s p e c t i v e l y .  The v a l u e  of t h e  l ead izyzdge  r a d i u s  is p r i n t e d  

n e x t  and is s imply  the  reciprocal of t h e  c u r v a t u r e  a t  t h e  nose.  

The l o c a t i o n s  of t n e  upper  and lower s u r f a c e  i n f l e c t i o n  p o i n t s  are 

p r i n t e d  a t  t h e  bottom of page 7. A summary of the  c h e c k  of the  

f i n a l  smoothed i; and y" v a l u e s  is p r i n t e d  on page 8 .  Tha check 

v a l u e s  are o b t a i n e d  by making a c a l l  to  t h e  least-squares po lynomia l  

smoothing s u b r o u t i n e  LSQSMO i n p u t  w i t h  t h e  f i n a l  smoothed 3 
c o o r d i n a t e s  and a uni form w e i g h t i n g  f a c t o r  Jf 1.0. 

A summary of t h e  desired Sunched data is p r i n t e d  on page 9. 

The upper  s u r f a c e  q u a n t i t i e s  are listed f i r s t  and t h e n  t h e  lower 

s u r f a c e  q u a n t i t i e s .  The v a l u e s  l i s ted a d j a c e n t  t o  t h e  DX heading  

are t h e  x c o o r d i n a t e s  if IPUNCH e q u a l s  1 and t h e  e-va lues  i f  IPUNCH 

is greater t h a n  1. The . Ja lues  a d j a c e n t  to  t h e  DY heading  are y,  i, 
y ' ,  or y" if I P U N C H  e q u a l s  1, 2, 3, or 4, r e s p e c t i v e l y .  
- - 

A summary of t h e  cambar and t h i c k n e s s  d i s t r i b u t i o n  data is 

p r i n t e d  on page 10. The q u a n t i t i e s  listed under  t he  XU/C and YU/C 

head ings  are t h e  smoothed uppe r  s u r f a c e  x and 

d u r i n g  t h e  search for t h e  camber l ine .  The q u a n t i t i e s  l i s ted under  

t h e  XL/C and YL/C head ings  are t h e  c o r r e s p o n d i n g  lower s u r f a c e  

p o i n t s  loiated d u r i n g  t h e  search. The q u a n t i t i e s  listed under  t h e  

X/C, Y/C, T/C/2, and SLOPE h e a d i n g s  are t h e  xc and yc coordi- 

n a t e s  of t h e  c a m b e r l i n e ,  t h e  local h a l f  t h i ckness -chord  ra t io  :/c/2, 

and the  local slope of t h e  c a m b e r l i n e  4, r e s p e c t i v e l y .  The q u a n t i t y  

l i s ted under  t h e  ERROR heading  a re  t h e  a b s o l u t e  v a l u e s  of t h e  

d i f f e r e n c e  between t h e  local slopes of t h e  upper  and lower s u r f a c e  

c o o r d i n a t e s  w i t h  respect to  t h e  local  c a m b e r l i n e - a x i s  system. 

c o o r d i n a t e s  i n p u t  

The results of t h e  i n t e r p o l a t i o n  process are p r i n t e d  on p a g e s  

11 and 12 f o r  t h e  upper  and lower s u r f a c e s ,  r e s p e c t i v e l y .  The x and 
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y coordinate  v a l u e s  are l i s t e d  under the  XU and MI or XL and YL 

headings and are based on a chord equal  to the va lue  of the input  

parameter CNEW. 

and CURVATURE headings are d y / d x ,  d 2 y / d x 2 ,  and k ,  r e s p e c t i v e l v .  

The q u a n t i t i e s  l i s t e d  under t h e  DY/DX, D(DY/DX)/DX, 
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ORIWAL' PAGE 
OF POOR QUALITY 

APPELDIX E 

DESCRIPTION OF INPUT FOR AIRFCII, SCALING PROGRAM AFSCL 

This appendix contains a description of the input requirements 

for the airfoil scaling program AFSCL. Ail variables are input with 

a card format of 8FIO.0, except the title card which has a format of 

8A1G . 
CARD VARIABLE VALUE - 

1 TITLE 

2 NT 

2 IPLOT 

2 IPUNCH 

4 

c 
4 

IOP 

XC, YC, TK, 
TH 

LT 

TKNEW 

DESCRIPTIOh 

80-column tit le 

Number of input thickness and camber 
points 

No plots desired 
Plot scaled airfoil and its thickness 
and camber distributions 

No punched output desired 
Punch E and coordinates of scaled 
airfoil 

Slopes of camberline #, (TH array) are 
input on card 3 
Slopes of camberline to be computed by 
scaliny program 

yc coordinates of camberline (YC), 
the half thickness distribution t/c/2 
(TK), and slope of camberline 8 (TH) 
versus xc coordinate (XC). (Card 3 
is input NT times) 

Number of scaled maximum thickness-chord 
ratios 

Scaled maximum thickness-chord ratios 
(Card 5 is input LT times) 

The input data restrictions are that the variable NT not 

exceed 101, the variable LT not exceed 10, and that the coordinates 

for the camberline and thickness distribution be input in a 

monotonically increasing order from nose to trailing edge. 
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ORIGINAL P m  OI) 
OF POOR QUALm 

APPENDIX F 

DESCRIPTION OF OUTPUT FOR A I R F O I L  SCALING PROGRAM AFSCL 

T h i s  appendix  c o n t a i n s  a d e s c r i p t i o n  of t h e  o u t p u t  f o r  t h e  air-  

fo i l  s c a l i n g  program AFSCL. P r e s e n t e d  i n  table I11 is a sample 

3-page o u t p u t  for t h e  s c a l i n g  program. A summary of t h e  i n p u t  data 

is p r i n t e d  on page 1. A d e s c r i p t i o n  of t h e  i n p u t  parameters is pre- 

s e n t e d  i n  Appendix E. The g u a n t i t i e s  listed a d j a c e n t  to t h e  X/C, 

Y/C, and SLOPE head ings  are t h e  xc and yc c o o r d i n a t e s  and local 

slopes 4 (XC,  YC, and TH a r r a y s )  of the  c a m b e r l i n e  and a d j a c e n t  to  

t h e  T/C/2 heading  are the  h a l f  t h i c k n e s s  d i s t r i b u t i o n  v a l u e s  t /c /2  

(TK a r r a y  1 .  The v a l u e s  l i s ted a d j a c e n t  to t h e  heading  NEW T/C are 

tht . ?sired scaled m a x i m u m  th i ckness -chord  ratios (TKNEW a r r a y ) .  

T .e ve. ue  of t h e  maximum th i ckness -chord  ra t io  for t h e  i n p u t  a i r f o i l  

ar Lis  51 c o o r d i n a t e  are p r i n t e d  on t h e  l as t  l i n e  of  page 1. 

Page 2 and 3 are t h e n  o u t p u t  f o r  the  i n p u t  a i r fo i l  and e a c h  

a i r fo i l  for a desired scaled maximum th i ckness -chord  ratio. A 

summary o f  t he  upper  and lower s u r f a c e  x' and c o o r d i n a t e s  o f  t h e  

scaled a i r fo i l  is p r e s e n t e d  on page 2 and t h e  co r re spond ing  camber 

and t h i c k n e s s  d i s t r i b u t i o n s  o n  page 3. The slopes of t h e  c a m b e r l i n e  

i n  d e g r e e s  are also p r i n t e d  on page 3. 
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TABU 11.- SAMPLE OUTPUT FOR AIRFOIL SMOOWINC PRGGRAM 

PAGE 1 OUTPUT 

--INPUT OAT&-- 

TIT;€-- // Gntul-1 AIRFOIL W l l h  SA0 COOPOINATII  POINTS 

I T F O  = 100 WLJ? P 10 IDUYCW = 
Nll c r o  

.2SOCOOF-01 

. 2 0 o a 0 0 ~ ~ 0 0  

.S?50U0€*0O 

.7?5000E*00 

.9?SOOOE*00 

.61?000F-01 

.PzooooE-o1 

.966800€-Cl 

.59O?OOE-01 

.609000€-02 

.100000E*01 

. 1 0 0 0 0 0 E ~ 0 1  

.lOOCOOF*Ol 

. 1 0 0 0 0 0 F ~ 0 1  

.100000E.@1 

.3TSOOPE-O1 

.ZSn00GE*00 

.bOOOCOE*OO 

.800000€*00 

.990000E*00 

. r o a ~ o n ~ - o i  

.9??000E-Oa 

.037100E-01 

.S29600€-01 

.2OOQOOE-O2 

. l o o o o o c * o l  

.100OObE*31 

.100000€*Ol 

.100POOE*01 

.100000E*E1 

. 5 O O O O O L  U 1  

.300000€*00 

.625000E*00 

. B K O O O E * 0 0  

.995000€*00 

. ~ S A ~ O O E - O ~  

.101600E*OO 

.900600E-01 

.664COO€-O 1 

.?00000E-O3 

.100000€*01 

.100000f*01 

.1000OGE*01 

.130000E*01 

. i c o o o n ~ * o i  

X I # =  c. 
. l O D O O O F ~ ~ D  
. ~ 0 0 0 0 0 ~ . 0 0  
.bT5000F*00 . b 750 O B €  -00  

V f I X  0. 
.73000OF-O1 
.10b910F*00 
.fl13600€-01 
-331500F-01 

- 1  O O O C  Or* 0 1 
.IOOOOOF*C1 

.10no00F.O~ 

. l ~ f i 0 0 0 € * 0 1  

YU’ 

. ioonoo~.n i  

*L = 40 

.7sco:-. -01 
. ~ 5 o o o o c * o o  
.bS€jJOQE*OO 
.BSQOO~E*00 
.100000€*01 

,655 1 OOE -0 1 
.10~0OOE.00 

.39BBOO€-01 
-.700000€-03 

.100000E*Ol 

.100000E*01 

.1oooooi*o1 . lOOOOOE*Ol 

.IO 0 GOO€ .O 1 

. ~ W ~ O O E - O I  

.3?5000€-01 

.z50000€*00 

.# O O O O O t . O O  

.POOOOCE.00 

. w o o o o ~ * n o  

-.31900OE-Ol 
-.527OJOE-01 
-.508000F-01 
-.160000€-01 
-.5?0000€-02 . i o o n o o ~ ~ o i  

.100000€.01 

.?00000F*Oi 

.100000F*01 

. i o o o 3 o ~ * n !  

XL’ 0. 
.100000Fr00 
.490000F+00 
.rT5000F*00 
.dT5000F.00 

.ZOOOOOE-02 

.1250@0€.00 

.rSonnnE +oo 

.T000~0E.00  

.9OOFOOt-90 

-.Q30OOOE-0? -. 5 1 OOOOE-0 1 
-.635COOF-01 
-.3400COF-01 
- . ~ C O O ~ O E - O Z  

. i o o o n o ~ + o i  

. i 0 0 n 0 0 ~ 4 0 1  

. i o o o n o ~ * o i  

.10OOO9f*01 

. i o o o o n ~ * o i  

.500000€-0? 

.l50000E*00 

. s o n o o o ~ * o o  . ?E000E*00 

. w s o o o ~ + n o  

-. 13+OOOE-01 - -54 3OOOF-01 
-.61000i€-01 
-.295000E-01 
-.ZSC00OE-O? 

. 1 0 o o o n ~ * o i  

.lOOOOOE*Ol . lOOdOOE*Ol 

.IOOOOOC*01 

. i o n o c o ~ * o i  

.lZSOOOE-Ol 

.1TS000E*QO 

.550000€*00 

.750000E*OO 

.950000€*00 

-.Z0500CE-01 
-.STOOOOE-01 
-.5?0OOOF - 0 1  
-.L49000€-01 
-..?6OJOOt-02 

.1000OOE*OI 

.10000LE*01 

.100000€*UI 

.100000€*01 

.10900GE*U1 

.500000E-01 

.300000E*00 

.625000E*00 

.925000€*00 

.?J50OOE*OO 

-.3S8000E-01 
-.6*5000E-0’ 
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-.OF9791 

- 0  13008 

.036?53 
.bblPZ7 
.Ob9511 
.OS6106 
.0h5*34 
.073b32 
.0?95bI 
.ORb*50  
.089061 

. I O O ~ ~ S  

-. n 3 I 730 

b.aonnoo 

. o m 2 1  

. 0 9 2 e ~ ~  

. O P ~ T R I  

. I  OPQO 1 
-105519 
. I06646 
.106bOb 
.lOb?51 
.101b89 
.0991?9 
.OW1317 
.092??6 
. O R n B l b  

.O?Q382 

.O?bO?l 

.067b39 

.one93 

.01n390 

. 0 5 0 n n  

.osnnbt 

.0b35?6 

.036955 

.03030b 

.023633 

.o 1 loo2 

.O 10331 

.006306 

.005028 

.003ESO 

,029722 

YT/C 

-.a03634 
-.OOZbBZ 
-.001511 

-00 0 b?2 . 00 17 36 
.001bZ8 
.000093 -. OOZOS6 

-.OOb03? 
-.008b?1 -. 0 1 3  34 
-.016960 
- .OZ~SRZ 
-.0262?0 
-.0309b3 
-.035SbP - - 0  39996 
- . O b 1 1 9 5  
-.Ob1010 -. OS1 353 
-.056222 -. 05865 1 
-.0615S7 -. 063 1 I9 
-.0636?6 -. 0631 02 
-e061 bO2 
-.OS0381 
-.OSCZ+7 
-.053b62 
-.050*80 
-.Ob6511 -. 011155 

-. 0 3 1 6 P 3  -. 026948 
-.n20b5? 
-.013Q15 
-.!lo91 12 

-. *3ss*n 

.nb?Obb 

.ObQPhC 

.0561?b 

.0'3382 

.O?OSb9 

.OPb?ZO 

.OR9111 

.098?59 

.IO2861 
105.69 . 1066bI . 1 06bZC 

.lOb?bl 

.IOlblP 

.0*9065 

.OQ6200 

.O92?82 

.O88ROP 

.Deb3 19 

.O?Q375 

. O ? b O b ?  

.ObZbb3 

.0563b6 

. O S O O Z b  

.Ob355b 
,036913 
.030323 
.023bbC 
.0169?? 
.O 10329 
.OD6335 
.00b996 
003b5 1 

.065n50 

.nv?nw 

.00nw* 

--swooTrrwj OUTPUT svcnmv-- 

Y S W I C  OELTb 

-.003b3b -.00101b 
-.002b7I .000100 
-.001b9? .00010b 

.00OS20 -.0002?9 

.JOlB05 -.0002?3 

.001b81 .000033 

.000136 .000179 
- .002031 . O O O O b O  
-.00492b . O O t O 2 2  
-.OO**S2 .0000b1 
-.O!Eb9h - .OOOO23 
-.016899 -.000129 
-.021501 -.003136 

-.030835 -.000119 
- . 0 3 S b I ?  -.OOOOb5 
-.0398b5 -.000126 
-.Ob6012 -.00016? 

-.OS1136 -.0003b1 

- . o z b i n  -.oe0070 

- .o*~no i  -.o0038? 

-.os*ooe -.OOOSPR 
-.osea62 -.PO0361 

-.063060 -.oooonu 
- . O C I b O ?  -.e00133 

-.0*3596 -.000080 
-.063015 -.0001b? 
-.06136b -.OB0216 
-.OS0366 -.000062 
-.Ob6167 .000030 
-.053681 .000036 
-.050519 .000065 
-.Ob6bbb .0000a3 
-.ObIP36 .000043 
-.03566? .000086 

-.OZTOR7 .OJOZPb 
-.OZOSbl .000096 
-.01392? .0001b9 
-.00901)5 -.000206 

.012230 .000??8 

.019284 -001133 

.0302?8 .OOOb?5 

.Ob1716 . O O O l l l  

.0b9bbb .0001b? 
,055883 .000223 
.065'ib8 .0002Bb 
.0?3060 .000372 
.079ZlE .000329 
.08b3?2 .0002?7 
.08??5b .00031b 
.OW193 .0003?3 
.09?380 . O O O b O b  
-102193 . O O O b O 8  
.LOSOT? .00'bb2 
.IOb?b8 .DO0396 
.lo6023 .OOOJ81 
.1013?9 .000b?3 
.101003 . O O O b 8 6  

.OQS?93 ,000524 

.OW390 .000386 

.OAUb39 .0003?5 

.083976 no00311 

.0?9059 .000323 

.0?3?58 .OD0313 

.Ob8134 .00025E 

.06Pi'b3 .000196 

.046!29 .000209 

.Ob9811 .000216 

.03bR31 .00012b 

-023559 .00007b 
.016919 .000083 
.010301 .000030 
.006323 -.000017 

.003651 -.000001 

-.03ie09 . o n o o n  

.ooon?8 - . n o o t ~ i q  

.09u65z .oonsz5 

.ob33es .oooi90 

.030?on . O O O U ~ ~  

. o o * ~ ~ o  .oooo3n 

VPS YPQS 

.ObLb62 -.ZSl?ZZ 

.Ob0183 -.231bbl 

.03b36> -.2132?9 

.02004b -.I68921 

.083201 -.12b731 

-.019363 -.I59132 
-.029b13 -.120810 
-.Ob0022 -.1295b9 
-.Ob0038 -.I26252 
-.058?48 -.IO8196 
-.005b83 -.082823 
-.070152 -.OSH)TS 
-.073120 -.0352b? 
-.0?b7?1 -.017226 
-.0?50?9 .007125 
-.0?3515 .ObSSOl 
-.Ob9500 .0927bI 
-.063212 .128878 
-.055?51 .13WM 
-.0bU130 -137b05 
-.03376B .12601S -. O i ' l  0 18 -1098b9 
-.0098?b .09%9T 

.009507 .0802?? 

.UZWSb -016969 

.033772 .e75308 

.031069 .071015 

.Ob9352 .OS9600 

.OW198 -051b49 

.061555 .03100T 

.Ob1298 .Ob2033 

.071b15 .lo4113 

.09SbS9 .233bAl 

.11b289 .210007 

.1292?9 e013366 

-123997 -.1?5?30 
.11OPbO -.lbb752 

.09bl63 -.09bb93 

.077550 -.0?766b 

.070890 -.080795 

.Ob4710 -.08b3?b 

. 05257 I -. 00 136b 

.Ob16b5 -.09?7b2 

.028?61 -.10311b 

.OOb382 -.IlbU39 
-.008b96 -.125198 

-.03R3.1 -.1bUOS9 

-.0553SP -.I55818 
-.Ob39bb -.1b5695 
-.071?06 -.1?1296 
-.07?990 -.09019R 
-.982563 -.0591bl 
-.OUSbJO -.031832 
-.0867?? -.009b85 
-.086PI9 .0081b? 

-.oon93i - . IOIPIL 

.oooi io  . o w 9 5  

.oiee?6 .078109 

.0bb162 . O ~ S ~ B ( I  

.OSYWT . o x x m  

.08b022 . i n q s s 3  

. i3es+~ - . o z b 6 ~  

,100957 - . i i e z i 3  

.08b?BS -.o?nbs6 

.ose5qr - . o e n 8 7  

.oib?sa -.ioner3 

-.ozzn36 -.13a308 

- . o w i ~ *  -.iw31e 

-;o05?59 .Q72266 
-.OR3657 -033713 
-.080635 .Ob3305 
-.0?6?23 .0506U? 
-.0?1991 .05555" 
-.Ob6576 .05?3?b 
-.06060b -05533b 

-.051bSO .0b018b 
- .OSObb2 .036839 
-.049SO* -033162 

- . o ~ m  . o o o n s  

/ /  

O Y / D l  

-.25300bF*00 
-.21SPbf*OO 
-.11?523C.00 
-.96?836€-01 
-.139?0bF-01 

.356b87E-01 
- 7  I bO?Sf -0 1 
.101?60E.80 
.12910bF*OO 
.lSK15F*00 
.1701?5F.O0 
.181Z20f*OO 
.lWM?€*OO 
.I8729?F.00 
.:85b29€*00 

.172834f*OO 

.1599= 00 

.1b2RbSf*00 

.lZbllSE~OO 

.I~O~SQE*OO 

.iosn~w-oo 

.?32OTW-O1 

D I O V / O X ) / D X  

-.86H)35€*01 
-.7SllO?L*01 
-.65HlbE*81 
-.b35650€.01 
-.?bZII7€ 0 1 
-.160033€*01 
-.127899f*OI 
-.I 1Sb?OE*01 
-.18388SC.01 
-.8bS034E*00 
-.58Z089E.O0 -. 31 b867E e30 
-.106339€*00 

. . ? 6 ~ 3 € - 0 1  . llo704€.00 

.234592€*00 

.411565E *OO 

.6 17SpIC 000 . ?*nsozE roo 

.751767E*OO 

.?08829f*00 

.605127E*OJ 

.SIO64bE*OO 

.448147€.00 . b Z Y  IbE 000 

.b465*0€*00 

.5199ZI€*OO 

.bb58%€*00 

.776422lf 000 

.91608lE*00 

. l l Z b 5 X * O 1  

.lb7544E*Ol 

.21115.€*01 

.3532b0€*01 

.JZlI4IE*OI 

.10.328E.02 

.351781E*OE 

.161688C*O3 . bbl604€*03 

. i o o e o o ~ * w  
-.7bZS5TL*03 
-.202505E*03 
-.576750€*02 
-JOw96E e02  
-.10697zT*OZ 
-.644961€*01 
-.~ZPOZ~E*OI 
-.Z)35Sb€*01 
-.*S7925E*Ol 
-.123(19bE*Ol 
-.102513€.01 
-.8dl39e€.OO 
-.70bb%E*00 
-.60779S€*OO 
-.Sh 1603E*00 
-.5549*2€.00 
-.583912€*00 
-.6b9024€*00 
-.7508lbE*00 
-.e1 bb62f -00 

-.086642€*00 
-.825262€*00 
-.?23432€*00 
-.b11839€*00 

-.422Z72€*00 -. 351 b37E.00 
-.29159X*00 
-.233796€*00 
-.l?l9b7E*00 
-.105605€*00 
-.376bOLE-01 . 223672E -0 1 

.b96267€-01 
-.205638F-01 
-.I?b626E*OO 
-.+?57b99€*00 
-.359699€*00 

-.e7731@*00 

-.5oanooE*oo 
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TABLE II. - CONTINUED 

PAGE 8 OuTPUl 
I ITLC--  // GAtYl-1 AIRFOIL YIlM BAD COORbINAlC POINTS 

CHECK OF SMnoT+FD COOPOINATES OF= .000100 

I 

1 
z 
3 
4 
5 
6 
7 
R 
9 

IO 
1 1  
12 
13 
i4 
I5 
lb 
17 

19 
20 
71 
22 
> 3  
24 
75 
?6 
77 
78 
?Q 
30 
71 
-42 
33 
34 
35 
36 
3? 
38 
39 
bo 

41 
4i? 
43 
44 
45 
4b 
*7 
*n 
b 9  
5n 
51 
52 
53 
54 
55 
56 
5? 
50 
59 
50 
51 
bZ 
53 
64 
55 
66 
* 7  
08 
69 
70 
71  
72 
73 
74 
75 
76 
71 
?8 
19 

l e  

--. 500000 
.(100000 
.oooooo 

-.oooooo 
-.000001 
-.oooooo 

.000002 

.noo~o3 

.0 :0002 

.000001 
-.oooooo 
-.000001 
-.nono01 
-.oooooo 

.000001 

.nooooi 

.onnooo 
-.000001 
-.000002 
-.onanor 
-.000004 
-.noon03 
-.000000 

.noonoo 

.nnoooi 

.nooooo 
-.onoooi 
-.oono02 
- .000001 
- .oooooo 

.nooooo 

.nnonoo -. oonoq 1 

.nr)oooi 

.oonoo2 

.nnooo3 

.no0001 
-.nooooo 
- .000005 
-.000009 
.000002 
.nomoi 
.noooos 

-.000001 
-.000001 
-.no0002 
-.000001 

.000001 

.oooooo 
-.oooooo 
-.oooooo 

, 0 0 0 0 0 0  
-.oooooo 

.oooooo 

.000001 

. O O O Q O 2  

.000001 

.000001 

.oonooo 
-.oooono 
-.nooooo 
-.oooooo 
-.oooono 
-.oooooo 
-.nooooo 
-.oooooo 
-.oooooo 
- .oooooo 

.oooooo 

.OOOOOb 

.cooooo 
.oooooo 

- .000000 
- . 0 0 0 0 0 0  

.oooooo 

.ooonoi 

.noonoo 

-.oonooo 

.oonooi 

IVPPS-CHECK VALUE) -. 000969 
.00044? 

.002*63 

.001129 

-.0012l~ 
-.002315 
-.002A65 

.000664 

.001267 

-.001t7? 

-a000363 

e001928 

.00033a 

-.oooe33 

.000543 -. 002626 

.00209? 
-.ooieor 
.004562 
.0039(17 . 00 l2Rl 
-.0001K -. 000594 -. nooc~36 
-.000322 

.000rt4 

.000042 

.002an9 

0001 55 

.000666 

-. 000258 
.000161 
. O O O ? W  

-.002933 
-.005923 
-.0044?3 
-001796 
.011671 
.Ol4370 
.000565 - 001354 -. 01 1198 

-.003994 
.001?82 
e003287 
.0013?9 

-.000300 

-.000161 

-.000540 
-e000116 

.000010 
-.000202 
.000024 
.000210 
.000311 
.0001?9 

-.000126 
-.00019T -. 00 1428 
-.002166 
-.002127 
-.OOO?QO 
.0002l? 
e000592 
e 00066l 
.000620 
e000463 
.0002Ab 
.000195 

.000259 

.0002?2 

.000311 

.000382 

.000129 

.ooozia 

-000389 
.oooz3e 
000 144 
e000094 

.000750 SUM OF SOUII)CS= .oooooo 
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TABLT It. - CONllNUEO 

. C I Q T 5 6  

.'99555 

.624602 
821730 

. 9 9 4 P B B  

. 0558b4  
iU24P6 

-092392 
-019832 
.004991 

.nsoiss 
-300278 
-625195 
.125044 
.995C20 

-a035668 
-.@63047 
-.044014 
-.008452 
- . n o t + i z  

/ /  

0747 14 
e349544 
.449620 
.(l498!8 
,999994 

.065550 

. lo5080 

.088442 

.Ob33117 

.003651 

.0?5182 

.350280 

.650180 

.PSOOZQ 
1.000025 

-.Ob1837 
-.063597 -. 039846 
-.004924 
-.003634 

PAGE 10 OCrrPul 

1 

1 
2 

4 
6 
0 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
I7 

19 
1 0  
? I  
22 
23 
24 
25 
?(. 
21 

29 
30 
31 
32 
33 
34 
35 
36 

2 

in 

2e 

37 
3n 
39 
40 
4 1  

x/c 

-999 10  1 
.994133 
.Q90144 
.974095 
.9LbPJb 
.9?3658 
,891453 
.rima 
.nr*300 
.n23362 
.79*47? 
.773600 
.?bP?b5 
.723900 
.h99129 
.h74416 
.tC9735 
.625 0 20 . 60021 7 
.575331 
.550405 
.5005?R 
.4506?7 
,400d93 
.3511bb 
.30144P 
.251751 
.202049 
.I77192 
.152343 
.12?523 . 102?c3 
.OS3756 
.Ob1894 
.030435 
.019226 
.OllQ27 
.0082b8 
.003??6 
.002056 

. om092  

v/c 
.000225 
.O0143* 
.002556 
.on5491 
.c39374 
.o ldb?? 
- 0  15065 
.017234 
.019021 
.a20454 
-02 15'4 
.02?43Q 
.023104 
.OZ3bG9 
-023972 
.OZb 195 
.0242T1 
.O2*210 
.024043 

e023552 

-012348  
.021611 
.020741 

0 19691 
-01 8426 
.0109rt 
.011037 
.0150?5 
- 0  13992 
-012736 
.O 1 1  198 
.0090?9 

.005224 

.001391 
-.OOZ+b1 
- . o o 4 v n  
-.007858 -. 000120 

.023ni5 

. O Z L Y O ~  

.0075zn 

T / C / Z  

.a03534 

.003*52 

.OO3BS* 

.DO4883 

.OP?b13 

.O I 1  149 

.015208 

.OlQ653 . 0244 10 

. 0 2 ~ 4 l l  

.034578 

.03W19 

.045040 

.OS0 i55 

.os97ni .055090 

.0641b8 

.Ob8181 

.071?53 

.077455 

.081355 
,003011 
.OM4647 
-084351 

-079985 
.075126 
.O72763 
.Ob9350 
.0652CZ 
.060403 
.OS4454 
,016971 
.0423r)8 
.036922 
.029691 

. o u r 1 4 3  

. 3 ~ 2 P 2 3  

. O ~ ~ R S S  . o in139 
-0095 1 7 

0.000000 

// 

SLOPE Eeaoa 

-14.2073 
-1 3.1308 
-12.1802 

-9.9589 
-1.6733 
-6.3035 
-5.2838 
-4.3739 
-3.5160 
-2.7419 
-2.0368 
-1.5338 
-1.2025 

-.(1656 
-.5352 
-.1983 

,1174 
.3bbb 
-5153 
-5906 
-6323 
.ti085 
.t1e1 
.9159 

1.0926 
1.3106 
1.5654 
1.11615 

2.2625 
2.5205 
2.9170 
3.5578 
6.11859 
6.2149 
8.7511 

13.3581 
17.8758 
70.3388 
23.3766 

2.0330 

3 r . 7 3 ~ 0  

.000005 

.000026 

.000023 

.0ono39 

.oonnz8 
,000019 
. O O O O l 4  
.000012 

.000004 

.On0006 

.000000 

.000003 

.000003 

.000003 

.000001 

.000001 . F O O O O  1 

.oooooo 

.oooooo 

.oooooo 

.oooooo 

.oooooo 

.on0001 

.oonoos 

.onooo+ 

.oonoo3 

.oonooi  

.oonooo 

. o n n ~ o o  

.oooooo 

.390000 

.000001 

.000002 

.oonooz 

.@00001 

. 0 0 0 ~ 0 0  

.oonoo3 

.000043 

.00n002 

.oonoo5 

.oooooo 
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ORIGiNAL PAGE IS 
OF POOR QUALITY 

TAPU I I .  - COACLUDED 

PAGE 11 OmPUT 

1TTLF-e // GA(Y)-1 AIPFOIL d I T H  PAD COORDINATE POINTS 

I 
1 
2 
3 
4 
5 
6 
7 
A 
9 

10 
11 
I 2  
13 
i4 
I5 
16 
17 

#ll 
0.0or)000 . o 1 a c o s  

.020n00 

.omon0 
a100000 
.F;OOOFO 
.800000 

2.000000 

4.000000 

1 .ooonoo 

3.00onon 

E.ooooon 

~ . o o n o o o  
e.ooonno 
9.ooooon 

6.000000 

9 9996- 

--UPPFP SURFACE 

YU 
a008778 
0069074 
0124016 

194594 
.,?73409 
-559929 
0612815 
e731472 
0925495 

1 0025230 
1 0062S24 
1.043058 

95739 1 
o769665 
o540652 

30 1692 
.rJ36510 

INTERPOLATED COORDINATES-- 

L sDY/DX 1 /OX 
.100000E*99 

-.196293E*O4 
-.71254lF*03 
-.197447E*03 
-.762275E*02 
-.639751€*01 
-.296890E*01 
-.212599€*01 
-.879432E+00 
- . 6 0 7 l l l F + 0 0  
-.554703€*00 
-.649796E*OO 
-087740 ?€*Ob 
-.610511E*00 
-.291119E+00 
-.373856E-01 
-.3596996*00 

PAGE 12 OlKPLFT 

TrTLF-- // G4(Y)-1 AIPFOIL WITH RAD COOPDINATE P O I Y T S  

--LOYfR SURFACE INTEQCOLATEn COORDIYATF5-- 

I XL YL O Y / D X  0 (DY/DX 1 /PX CURVATURE 
1 o.oooonn 0008778 .100000E*99 .160000E+99 .34ZZ09€*02 
2 0 1 no00 -e063026 -.3352616*01 .lG1941€*04 .4482?6E*02 
3 .o?onoo -0089S58 -.222619E*01 .631620E+03 .468941€*02 
4 .05cono -0138530 -.124092E+01 .164756€*03 .407024E*02 
5 .100000 -0186616 -.777581E*00 .5262546*02 .258900€*02 

7 .8001)00 -0428505 -.205762E*00 .195000E*01 .183240€*01 
8 1 .oooono -0466116 -.17190RE*00 .147902E*01 .141580E+Ol 
9 2.u00000 -0583469 -.753524€-01 .666760€+00 .661121€*00 

1 0  3.000000 -0630395 -.220622€-01 .446644E*00 .446518E600 
1: 4 0001)OO -0630743 .214127E-O1 .448574€*00 .448266€*00 

6 .500000 -.3s623i - . 2 e 3 7 7 8 ~ * 0 0  . ~ S * ~ A Q E * O ~  . 3 1 5 7 ~ t x + o i  

I t  5.000000 -.sa4799 . 7 3 n 5 7 s ~ - o i  . 6 0 4 5 8 6 ~ * 0 0  . 5 9 9 7 7 8 ~ + 0 0  

14 7.nooooo -.30weo . i 8 5 4 1 4 ~ + 0 0  . i z o 3 2 ~ ~ * 0 0  . i i 4 3 7 9 ~ * 0 0  
13 6.000000 -04713298 .142695€*00 .748504E*00 .726211€:*00 

15 (I.00002n -0125036 .170199C*00 -.S81575€+00 .557190€*00 
16 9.000000 0001376 .713R75€-01 -.127916€*01 .126944E*01 
17 10.000000 -e036343 -.253004€*00 -.865R35€*01 .798889€*01 

// 

// 
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174 

* 

c 
w r 
I- 
O 
0 
X 
u) 

I 
c. 

L 

5 
(I 

I 
I 

W 
A c 
t 
CI 

0 

N 
0 

2 

0 

N 
X 
0 z 
d 

2 

r. 

U 
I- 

3 
2 

r. 
1 

I) 
I- 
t 

r .0000 
0 0 0 0 0  
I * * * *  

w w w w w  
O.(P*(P 
O I n O D N  

w-eoooo 
0 0 0 0 0  
I * * * *  

N O O O O  
0 0 0 0 0  
I + * * *  
w w w w w  

. _ _ -  ..... 
(uoooo 
0 0 0 0 0  
I + * * *  
ww.I*rww 
o m o o b  
e a - m a  

_ _ -  ..... 

a 
Y 

NHc.M.IN 
0 0 0 0 0  
O I I I  
W W W W W  
0 0 0 0 0  

(DQ-0Q 
( D - w c w  

I 
..... 

Nd.r94N 
0 0 0 0 0  
I I I I I  

w w w w w  
0 0 0 0 0  
O O O Q O  
N 0 Q O N  

P)r-r.m)C 
) c r ( U r r m  

I 

+ * U ) N O  ..... 
Nw-eddlu 
0 0 0 0 0  
I b I f i I  www3w 
0 0 0 0 0  
019.80 

N d d d N  
0 0 0 0 0  

N r . r r . r .  
0 0 0 0 0  
I I I I I  w w w w w  
0 0 0 0 0  
0 e N 9 U 1  
Obw-ebr- 
* ( . ) o m *  
O N o d m  
b @ C U N w - e  

I 
..... 

U 
V 
\ * 

r . r r . r . N  
0 0 0 0 0  
1 1 1 1 8  

w w w w w  
0 0 0 0 0  
M O N O 0  
N O 0 P ) W  
OSQcOcD 
F .m*ePc  
O b 8 - 0 9  ..... 

6 J w - e - r . -  
0 0 0 0 0  
I 1 0 1  
w w w w w  
0 0 0 0 0  
000019 
Y ) * m ( u r .  
NrnS(Db 
0 0 1 6 0  
DOQUlr .  ..... 

O d N d O  
0 0 0 0 0  
* m a a e  W W W W W  
1 0 0 0 0  
9 0 0 0 0  

0 r . N - 0  
0 0 0 0 0  
* @ I O *  
w w w w w  w - e o o o m  
@In060 
.o(u.c 
Q Q O N Q  
N-InlnO 
w m 9 n J r  

I I  
..... 

0 r . r . N d  
0 0 0 0 0  

0 
0 
0 
0 
0 

1 
\ 

0 
0 
0 
0 
m 
r. . 

cn 
N 
0 
L 
Q 
m . 
N 

0 
\ 
X 

t 
4 

In 
0 * * 
9 
r. . 
n 
3 
0 
Ir 

U 

c 

2 

m 

5 

a a 

a 
CI 

0 
Ir 
X 
a z 
t 
V 
\ 



ORIQtNAC PAGE Is 
OF POOR QUALITY TABLE 1 1 1 . -  CONI'INUED 

PAGE 2 OUTPUT 

TITLE- -  * GA(w)-1 SMOOTHED 0 

SCALED COORnTNATES FOR ( T / C ) M A X  = 02000 

I 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
33 
24 
?5 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3 6  
37 
38 
39 
40 
41  
42 

UPPER 

x/c 
~ . 0 0 0 0 ( r O  

o001540 
oOO4400 
0011888 

024575 
037252 

0049969 
0749R7 

010002Q 
125043 

OlSO(rS4 
l7505R 

o200067 
o250087  
o3001@3 
o35011S 
e400120 
0450118 
oSOO107 
e550096 
0575094 
Oh0009R 
0625114 
0650142 
o675175 
o700304 
e725225 
0750239 
0775248 
480u256 
0825259 
OR50250 

875275 
0 Q001R3 
0925119 
0950069 
0975017 
o9899QQ 
.9949QP 

10000000 

V / C  
0002481 
0015339 
o023152 
0035353 
o0481R9 
oO57165 
o06418S 
0075064 
o083506 
0090425 

094227 
0101134 

105290 
0111761 
o116186 
11 R846 
119861 
119240 

o116P91 
112631 

0109702 
0106187 
0102049 
0097283 
0091932 
0086063 
0079760 

0731 00 
e066155 

058983 
.OS1639 
0044177 

036647 
00291 01 
0021596 
oO141R9 
0006946 
oOO2703 
o001308 

-oOOOO79 

LO 

x/c 
00000000 

0002428 
o007977 
e015506 
0020174 
o027742 
.037R58 
o04P093 
o059051 
0082383 
01066.19 
0131197 

15S864 
01AOSlS 
0205149 
2544 18 

a303713 
0353067 
o607503 
0452037 
0501656 
o5512(33 
o576059 
0600756 
0625312 
0649722 
0674073 
049R472 
0722971 
0747555 
o77217Q 
.?96831 
OR21550 
,846409 
-871465 
0596722 
0922126 
0947583 
o972901 
a988032 
0992999 

1.000000 

lWER 

V / C  
oOO2481 

-e008425 
-0017262 
-e024450 
-0027946 
-.032a21 
~ 0 0 3 8 1 4 2  
-0042493 
-0046403 
- 0  053177 
-oOSR773 - 063407 
-0067239 
- a O t O Q O l  
-.Of3007 
-e076856 
-a 079 188 
- 0  OR0180 
-0079868 
-o0781 82 
-0074963 
-.069994 
0.066783 
-e063060 
-0058842 
- 0  054 196 
9 9  04921 2 
-0043985 
-oO38604 
-oC33161 
-oO27777 
moo22595 

c 0 17767 
-0013834 
-oOO9718 
-a006722 
lo904591  
-0003612 
-0004394 
e o  006184 
-oOO7081 
-0008667 
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ORlOINAL P A M  IS 
OF POOR QUALITY 

TABLE 111. - CONCLUDED 

PAGE 3 OUTPUT 

CAMRER ANn THICKNESS DISTRIBUTIONS FOR t f / C ) M A X  = o2000 

I 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 
32 
23 
24 
75 
26 
27 
28 
29 
30 
31 
32 
33 
30 
35 
36 
37 
38 
39 
40  
4 1  

x I C  
0 00242R 
0003988 

008S23 
0 12287 

0019815 
e031216 
042673 

.OS4460 
078685 

0103324 
0128120 

152957 . 177787 
.202AOR 
252252 

e301908 
0351591 
0401312 
o451077 
e500882 
oS50690 
e575576 
60 0427 
6352 13 

0649932 
0674624 
0699338 
e724098 
748897 
7737 14 . 798544 
823405 

0848329 
0873345 
e896452 
o929b28 
948026 

0973989 
0989015 
0993998 
998960 

CAMRER 

Y/C 
-0008425 
-.007390 
0.004555 
- 0  002397 

00 1266 
005023 

0007336 
008892 

0010944 
0 12366 

0 0 13509 
0 14494 
0 15366 

oO16142 
0 17453 
0 18499 
0 19333 
0 19997 
820529 
020964 

0021319 
0021459 
0021563 
0021603 
e021543 
021 360 

0021039 
0 020578 
0 0 19970 
e019189 
0 18 194 

0016936 
0015371 
0013465 
. O l l l d Q  
m008502 
0 005289 
e 001 276 

-r001741 
-0002881 
-.004118 

SLOPE 
33.9378 
21 09997 
19.3415 
17.1557 
13.0916 
8.7470 
6.2082 
4. 7462 
3.3008 
2.6519 
2.2910 
2.0369 
1 8223 
1 e6327 
1.3153 
1 e 0567 

08499 
06835 
05570 
4626 

03725 
03134 
.2228 
00705 

1590 
-04474 
0.7631 

01 a0907 
-1 04466 
-1.8713 
-2.4043 
-3o0588 
-308141 
-4 6357 
05 5 1 63 
06.5396 
-7 . 9499 

-1002767 
-1 2 4791 
-1 3.4066 
-1 4 4478 

THICKNESS 

T I C 1 2  
0.Q00000 

o021310 
0 042202 
0053519 
0070048 
e087414 

180323 
e111057 

128S54 
0142541 

154073 
0 163695 
.I71754 

178507 
188812 
195558 
19920 1 
199897 
197583 
192009 
182769 
176623 
169379 

.161015 
151597 

0 141257 
0130159 

11 8476 
106377 

e094054 
0 OR1 71 2 
a 069559 
00577R3 

046554 
e 03661 8 
0 026379 

0 17988 
001 1534 
0009110 

008630 
008347 
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